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The gift of confidence in epilepsy. In the enchanted moment of childhood, happiness 
is a world of friends, plans, faces, teams... Time was when the penalty of being “‘different”’ 
was to be denied these joys of belonging, never to know the simplest and sweetest pleasures 


of growing up. Now, with these five distinguished anticonvulsants you can take your 


patients from early childhood to productive maturity—steadily, usefully, confidently. 


Anticonvulsants by Abbott. PEGANONE® ‘Ethotoin, Abbott) —A hydantoin of exceptionally low toxicity. Indicated 
for grand mal and psychomotor seizures. PHENURONED® (Phenacemide, Abbott) —Often effective when other agents 
fail. For grand mal, petit mal, psychomotor and mixed seizures. GEMONIL® (Metharbital, Abbott)— 


Relatively non-toxic. For grand mal petit mal, myoclonic and mixed seizuressymptomatic of organic 
brain damage. TRIDIONE® (Trimethadione, Abbott) PARADIONE® (Paramethadione, Abbott) —Homol- 
ogous agents. Generally afford symptomatic control of petit mal, myoclonic and akinetic seizures. 
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“the most effective drug against tremor...” 


IN PARKINSONISM Parsidol exceeds all other drugs for reducing 
tremor,! a major impairment in this disease. Parsidol also lessens 
rigidity, brightens the patient’s mood and contributes to restoration 
of self-confidence. Especially well tolerated by older patients,!?% 
Parsidol is effective alone,and most patients respond well to a main- 
tenance dosage of 50 mg. q.i.d. Parsidol is compatible with other 
antiparkinsonian drugs and can be given in combination if so desired. 


PARSIDOL 


PARKINSONISM 


MORRIS PLAINS, 


1. Schwab, R. S. and England, A. C.: J. Chron. Dis. 8:488 (Oct.) 1958. 
2. Schwab, R. S.: Geriatrics 14:545 (Sept.) 1959. 


3. Doshay, L. J. et al.: J.A.M.A. 160:348 (Feb. 4) 1956. PAR-GPO4 
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in sustained release tablets — requires fewer individual doses 


ROCHE LasBorAarTorIEs: Division of Hoffmann-La Roche Inc*Nutley 10, New Jersey 


t ie f 0 myasthenia 

MESTINON TMESPAN often “eliminates 
7 "the need for sleep interruption to take 

7 . _ further medication and leads to better 
strength in the morning.”* For treatment 

during waking hours, MEsTINON TIMESPAN 
nted fre om from m inic 
side effects. 

battle of 100. 
2. Magee and M. R. Westerberg, 
E chematic drawing of nerve endings in 
striated muscle tissue. By inhibiting 
fi acetylcholine at this 
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In 8 out of 
patients 
complete 
control 
of grand mal 
SelZUres 
with 
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wide margin of safe 


Results in 262 epileptic patients when ‘“‘Mysoline’’ was used alone. 


COMPOSITE Type of Number of Completely 50-90% <50% 
RESULTS Seizure Patients Controlled improved 
OF 20 Grand Mal 214 172 (80%) | 15 (7%) | 27 (13%) 
CLINICAL Psychomotor 29 19 (65%) 10 (35%) 
STUDIES Focal Jacksonian 19 19 (100%) 


Results in 835 epileptic patients who had failed to respond successfully 
to other anticonvulsants. ‘‘Mysoline’’ was added to current medication 
which, in some cases, was eventually replaced by “‘Mysoline” alone. 


Type of Number of | Completely 50-90% <50% 5 
Seizure Patients Controlled Improved 
Grand Mal 613 175 (28.5%) | 253 (41.2%) | 185 (30.3%) ‘ 
Psychomotor 130 10 (7.7%) 65 (50%) 55 (42.3%) . 
Focal Jacksonian] 92 14 (15.2%) | 36 (39.1%) | 42 (45.7%) i 
The dramatic results obtained with ‘““Mysoline” advocate its use as first a 
choice of effective and safe therapy in the contro! of grand mal and a 
psychomotor attacks. Literature and bibliography on request. = 
SPECIAL POTENCY NOW AVAILABLE | 

New 50 mg. small-dose tablet offers practical approach to 2 


dosage adjustment for initiation/combination/and ‘“‘trans- 
fer’’ therapy in selected cases. Available on prescription. 


Supplied: 0.25 Gm. (250 mg.) scored tablets, bottles of 100 and 
1,000. Also 50 mg. scored tablets to facilitate dosage adjustment, 
bottles of 100 and 500. 


AYERST LABORATORIES 


“Mysoline” 


New York 16, N.Y. 
is available in the United States by arrangement with Imperial Chemical Industries, Ltd. 


Montreal, Canada 
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INFORMATION 
FOR Authors 


Nevrovocy, the official publication of the 
American Academy of Neurology, has been in- 
stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 

Manuscripts of papers read at meetings of 
the Academy must be filed with the secretary 
at the time of the meeting, and will be pub- 
lished if acceptable to the editorial board. They 
are the property of the Academy, and authors 
who wish to publish them elsewhere must first 
request release. 

Manuscripts submitted for publication (other 
than those read at meetings of the Academy) 
should be sent to Dr. Russel N. DeJong, Uni- 
versity Hospital, Ann Arbor, Michigan. Books 
for review and business correspondence should 
be addressed to Neurovocy, 84 South Tenth 
Street, Minneapolis 3, Minnesota. News items 
related to the American Academy of Neurology 
or to the field of neurology in general are to be 
sent to Dr. Pearce Bailey, 4725 Sedgwick, 
N.W., Washington 16, D.C. 

Manuscripts are accepted for publication on 
condition that they are contributed solely to 
NevuroLocy. They must be typewritten, double 
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spaced, and only the original copy should be 
submitted. TIIlustrations should be drawn in 
India ink on white paper with clear lettering. 
Photographs should be unmounted glossy prints. 
Tables should be typed on separate sheets. The 
title of the article, name of author, and number 
of figure should be placed on the back of every 
illustration, and the top should be designated. 
Legends for figures should be typed and are not 
to be attached to the illustrations. If the num- 
ber of illustrations or tables is excessive, the 
author will be asked to defray a part of the cost. 

References should be designated in the text 
by superior number, and should be listed at the 
end of the article in numerical sequence. They 
should be typed in the following manner: 

Journal reference: 1. Franxuin, C. R., and 
Brickner, R. M.: Vasospasm associated with 
multiple sclerosis. Arch. Neurol. & Psychiat. 
58:125, 1947. 

Textbook reference: 2. Wecuster, I. S.: 
A Textbook of Clinical Neurology, ed. 8. Phila- 
delphia, W. B. Saunders Company, 1958, pp. 
194-199. 

Abbreviations should follow the style of the 
Quarterly Cumulative Index Medicus. 

Galley proofs will be sent to authors for 
age correction. There will be no charge 
or corrections unless excessive alterations are 
made. A schedule of charges for reprints will 
accompany the galley proof. 
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Methocarbamol ‘Robins’ U.S. Pat. No. 2770649 
ROBAXIN Injectable: for relaxation of painful spasm within minutes. 


ROBAXIN Tablets: for initial relief, or to maintain relaxation originally induced by ROBAXIN 
Injectable. Virtually free from adverse side effects, including drowsiness. 


Ten published studies show ROBAXIN Injectable and ROBAXIN Tablets beneficial in 91% 
of cases.?-!° Literature available to physicians on request. 


SUPPLY: ROBAXIN Tablets, 0.5 Gm. (white, scored) in bottles of 50 and 500. 


i Injectable, each ampul containing 1.0 Gm. of methocarbamol in 10 cc. of sterile 
solution. 


Making today’s medicines with integrity... seeking tomorrow's with persistence 


REFERENCES: 1. Carpenter, E. B.: Southern M. J. 51:627, 1958. 2. Forsyth, H. F.: J.A.M.A. 167:163, 1958. 3. Grisolia, 
A., and Thomson, J. E. M.: Clin. Orthopaedics 13:299, 1959. 4. Hudgins, A. P.: Clin. Med. 6:2321, 1959. 5. Lewis, 
W. 8. California Med. 90:26, 1959. 6. O'Doherty, D. S., and Shields, C. D.: J.A.M.A. 167:160, 1958. 7. Park, H. W. 
J.A.M.A, 167:168, 1958. 8, Plumb, C. S.: Journal-Lar.cet 78:531, 1958. 9. Poppen, J. L., and Flanagan, M. E. 
4.A.M.A. 171:298, 1959. 10, Schaubel, H. J.: Orthopedics 1:274, 1959. 


‘shoulder, patient in great pain. Fifteen minutes tr Gg Fe”? 
administration of 10 cc. of ROBAXIN Injectable, = 
dislocation reduced on first attempt, and 
patient was able to move armeasily, 2 
ge Robins 


how does Mellaril differ from other potent tranquilizers? 


THIORIDAZINE HCI 
Specific, effective tranquilizer 


ca provides highly effective tranquilization, 
relieves anxiety, tension, nervousness, 
but is virtually free of such toxic effects as 
jaundice 
Parkinsonism 
blood dyscrasia 
dermatitis 


greater specificity of tranquilizing 
action results in fewer side effects 


Virtual freedom of Mellaril 
from major toxic effects is 
due to greater specificity 
of tranquilizing action 
—divorced from such 
“diffuse” effects as anti- 
emetic action. 


“Moderate to marked improvement in psychomotor behavior was obtained 
with Mellaril in 17 of the 22 cases in this series. In addition, there was 
complete elimination of extrapyramidal activity in 15 of 18 patients who had 
manifested Parkinsonian symptoms with the drugs previously employed. Our 
observations indicate that Mellaril is equally effective, or more so, than other 
phenothiazines in the treatment of various psychiatric disorders, but has a 
distinctly lessened tendency to induce extrapyramidal stimulation. In our 
experience, this is a significant contribution to the more effective manage- 
ment of larger numbers of disturbed patients.’’* 


Supply: MELLARIL Tablets, 10 mg., 25 mg., 50 mg., 100 mg. 


*Khakee, A., and Hess, G. F.: Mellaril in the Treatment of Chronically Disturbed Patients: With Special SANDOZ 
Reference to Reduced Extrapyramidal Complications, Am. J. Psychiat. 116:1030 (May) 1960. 
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NEW STIMULATORS 


AN ECONOMICAL STUDENT STIMULATOR 


IDEAL FOR STUDENT LABORATORIES, 
OPERATING ROOM USE AND MANY 
RESEARCH LAB APPLICATIONS 


SUITABLE FOR MOST RESEARCH 
PROBLEMS AND FOR ADVANCED 
STUDENT LABORATORY USE 


MODEL FOR MAXIMUM VERSATILITY 
$4 IN RESEARCH APPLICATIONS 


GRASS INSTRUMENT COMPANY 
101 OLD COLONY AVENUE - QUINCY, MASS. 


INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1935 


MODEL 
3 
K901 P6 


one child has epilepsy... even her companions might 
not know —if her seizures are controlled with medication 


“ ..nowadays our approach should be, as far as possible, to protect the patient with sufficient 
medicine and allow him to live as much as possible the life of a normal child.”* 


for clinically proved results in control of seizures 


SODIUM KAPSEALS® outstanding performance in grand mal and psycho- 
motor seizures...DILANTIN Sodium (diphenylhydantoin sodium, 
Parke-Davis) is available in several forms, including Kapseals of 


0.03 Gm. and of 0.1 Gm., in bottles of 100 and 1,000. 


other members of THE PARKE-DAVIS FAMILY OF ANTICONVULSANTS 
for grand mal and psychomotor seizures: PHELANTIN® Kapseals (Dilantin 100 mg., phenobarbital 
30 mg., desoxyephedrine hydrochloride 2.5 mg.) bottles of 100 + for the petit mal triad: MILONTIN® 
Kapseals (phensuximide, Parke-Davis) 0.5 Gm., bottles of 100 and 1,000; Suspension, 250 mg. per 4 cc., 
16-ounce bottles. CELONTIN® Kapseals (methsuximide, Parke-Davis) 0.3 Gm., bottles of 100. 
Literature supplying details of dosage and administration available on request. 
"Scott, J.S., & Kellaway, P.: M. Clin. North America 42:415 (March) 1958. 


26560 
PARKE, DAVIS & COMPANY 
Detroit 32, Michigan 


PARKE- DAVIS | 


Dynamic Myelography 


These two radiographs of the same patient dem- 
onstrate the bulging of the annulus fibrosus 
during hyperextension and flexion, respectively, 
of the vertebral column. 30 ce of Pantopaque 
contrast medium was used. Note how this tech- 
nique permits visualization of the posterior sur- 


face of the vertebral canal. 


“PANTOPAQUE” is the registered trademark under which all leading x-ray 
dealers supply the compound ethyl iodophenylundecylate, which is synthesized by 
the Research Laboratories of Eastman Kodak Company and prepared as the 
myelographic contrast medium lophendylate Injection, U.S.P., by Lafayette 
Pharmacal Inc. The trademark serves to indicate to the radiologist continuity of 
experience in the manufacture of this medium. 
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ARTANE is repeatedly cited" 

as an effective adjunct to counter’ 
parkinsonoid side effects of 
phenothiazine therapy ... : 
forestall withdrawal and secure the 
benefits of undiminished, 7 


uninterrupted, high-dosage 
therapy 


In disease, 
ARTANE remains a drug of 
choice in the experience of many — 
practitioners. Unexcelled for 
sustained, continuing control of. 
rigidity and tremors, suppression 
other symptoms with low risk 

untoward effects. 


ARTANE 


Trihexyphenidy! HCI 


Elixir, tsp. . 
Dosage: 1 mg. first day, gradually 
increased according to response, 
to 6-10 mg. daily in 3 divided doses 
at mealtimes. __ 

1. Critchley, M.: British, M. J.,2:1214 (Nov. 15) 1958. 


2. England, A. C., and Schwab, RS: AM.A. Arch. 
Int. Med. 104:439 (Sept.) 1959. 


3. Judah, L.: Murphree, 0., and Seager, aaa 
Psychiat. 115:118 Uune) 1959. 


4. Pennington, V. M.: M. Times 87:1432 (Nov.) 1959, 


LEDERLE LABORATORIES, = 
Pearl River, New York a> 
A Division of AMERICAN CYANAMID COMPANY 
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‘strains. results were obtained in a group of 3500 
paraplegics—all cord bladders, chronic cystitis and 
4 degree of ritis for up to 15 years. Duringa 
exhibited the clinical signs of bladder infection."* 
- safely With Madribon , the incidence of side effects = 
reported cases. An impressive e 
especially noted in the extended treatment of paraplegics.** 
economically Madribon is realistic therapy because of“... 
the safest long-acting sulfonamide tial" The cost of Madribon “:;.is approximately one third 
| References: 1. J. D. Young, Jr., W. S. and 0. Beyer 
ROCHE LABORATORIES Division of Hoffmann-La Roche Inc 
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Studies of tone, tremor, and speech 


Volume 10 © Number 9 


parkinsonian patients 


I. Methodology 


THE URGENT NEED for objective methods of 
recording the phenomena of the parkinsonian 
state has led to the development of instru- 
ments and procedures to measure tone, tremor, 
and voice in this symptom complex. Analyses 
of these records may throw new light on fun- 
damental neuropathophysiology. 


REVIEW OF LITERATURE 


In general, methods of evaluating muscle 
tone utilize either active or passive resistance. 
Only the latter are subject to quantitation. 
Tension of voluntarily relaxed muscle can be 
measured by 3 methods: 

1. Those which measure “hardness” of a 
muscle. These are inaccurate due to errors in- 
troduced by subcutaneous tissues. Moreover, 
the units of measurement are not those of 
muscle tension.!-15 

2. Electromyography, which can measure 
muscle tone only indirectly and the param- 


eters of which are, again, not those of ten- 
sion.16-19 


Benjamin Boshes, M.D., Hirsh Wachs, M.D., Joel Brumlik, M.D., 
Manuel Mier, M.D., and Mathew Petrovick, B.S.E.E. 


3. Apparatus designed to measure tone by 
determining the force required to bend a vol- 
untarily relaxed limb.*°-** This is most pre- 
cise. Methods employing the horizontal plane 
of motion are more reliable than those using 
the vertical.2*-°® The most accurate devices 
are those employing a constant velocity of 
limb motion to eliminate inertial factors.9°-*6 
In all, 5 different methods have been used to 
record tremor. The first was the tambour, em- 
ploying a combination of pneumatic and me- 
chanical devices to transmit the forces created 
by tremor to a write-out system.*7-** Numer- 
ous modifications employ beams of light, mir- 
rors, and optical devices for recording.**-44—® 
Others utilize strain gauges. The forces being 


From the Department of Neurology and Psychiatry, North- 
western University Medical School, Chicago. 

This study was aided by Grant B-1421 from the Nation- 
al Institute of Neurological Diseases and Blindness, Bethes- 
da, Md. 

Read at the eleventh annual meeting of the American 
Academy of Neurology, Los Angeles, April 16, 1959. 
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measured upset the balance of a bridge ar- 
rangement, giving rise to recordable electri- 
cal output.®°.5° Tremor has been measured by 
electromyographs employing surface or intra- 
muscular Finally, methods 
utilizing the principle of variable reluctance of 
an iron core moving in a magnetic field have 
been devised.®°.52 The last method, which has 
been found to be most satisfactory, is used in 
this study. 


DEFINITION OF TERMS 


For the purpose of this investigation, the 
following definition of tone is used:** “Tone is 
a long-continued state of tension in a muscle 
maintained by the activity of the contractile 
elements.” Tension is defined as “stress on a 
material caused by pulling.” 

Tremor is defined as a descriptive symptom 
consisting of any oscillatory movement of a 
part of the body, be it regular or irregular, fine 
or gross, constant or periodic, or present at 
rest or on activity. In this study, tremor will 
be measured in extremities placed in different 
positions according to the criteria outlined by 
Bucy.** Tremor at rest is that in an extremity 
supported against gravity. Static tremor is 
that in an extremity held still by the subject, 
using only the muscles in the limb involved 
but not supported against gravity. 


REQUIREMENTS OF IDEAL RECORDING SYSTEM 


A system for recording tremor and tone 
ideally should fulfill the following require- 
ments: 

® Measurement of tremor and tone separately 
should be possible, using different and discrete 
write-out systems. 

® Measurement of tremor and tone in the 
same limb must be possible. 

® The operation of the system should not be 
painful. 

® The system should not be complicated in 
operation or appearance. This is to keep the 
anxiety of the patient at a minimum. 

® The system should not require darkening 
of the room or performance of other maneuvers 
that might distract the patient. 

® The system must be accurate and capable 
of calibration, and the results must be repro- 
ducible. 

® The system should record tremor and tone 
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directly, not a value that may be proportional 
to them, such as bursts of electromyographic 
potentials. 

In addition, the method for the measurement 
of tone should include these specifications: 
® Tension of isolated muscle groups should 
be recorded in absolute units of force. 
® Tone should be measured during motion of 
an extremity in the horizontal plane. 
© The procedure should be designed to elimi- 
nate voluntary tension and phasic reflexes in 
the muscles studied. 
® Tone must be measured during a constant 
velocity period of limb motion so that the 
mass of the limb will add no torque to that 
produced by muscle tension per se. 

The method for measuring tremor should 
also include the following qualifications: 
© The system should measure linear tremor in 
one plane only, not a vector sum of tremor in 
different directions. 
© The system should not add to the inertia of 
the part of the body being tested. 
® The system should be adaptable so that 
recordings can be made from different parts of 
the body without awkward positioning of the 
measuring device or the patient. 
© The system should be capable of measuring 
more than one tremor at the same time, that 
is, able to measure tremor in different areas of 
the body or different planes of the same area 
simultaneously. 
® The measuring device should be easily at- 
tachable and removable from the area studied. 
® The system should be capable of recording 
not only frequency of tremor but also ampli- 
tude and wave-form characteristics over all 
ranges of amplitude. This necessitates great 
sensitivity, to measure fine tremor, as well as 
proper control, to record tremor of great mag- 
nitude. 
® The system should lend itself to automatic 
electronic analysis of frequency and amplitude, 
should this be desired. 
® The system should write out the tremor 
waves in such a manner that the recording can 
be preserved for later study with all the 
temporal relationships intact. 

A system for the study of voice alterations 
should include not only the evaluation of the 
mechanisms involved in the production of 
speech but also a survey of the functions of 
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Fig. 1. General view of the tonometer, showing motor, tone arm, and console. See text for 


further explanation. 


the central nervous system and the perception 
of auditory signals. The system will therefore 
include instruments for the study of the phe- 
nomena of articulation, phonation, breathing, 
and the auditory monitoring system. 


METHODOLOGY 


The entire apparatus to measure tone is de- 
signed to move an arm board (Figs. 1 and 
2 [G]) through a constant are of 55°. An elec- 
tric motor [A] drives the arm board in a con- 
tinuous to-and-fro motion. Guides [J] are made 
of small aluminum rods covered with foam 
rubber. They serve only to prevent the wrist 
from slipping off the arm board. The guide 
hole [I] is a shallow cup machined over the 
axis of turning of the column [F]. The medial 


epicondyle of the tested arm is placed in this 
cup during the procedure. This provides a 
means whereby the axis of bending of the 
elbow is kept over the axis of turning of the 
tone arm. The spring steel bar [H] is the sole 
link between the tone arm [G] and supporting 
pillar [F]. Thus, any torque on the tone arm 
is transmitted entirely to this bar. Bonded 
symmetrically to both sides of the bar [H] are 
4 strain gauges, 2 on each side. The gauges are 
connected in the form of a Wheatstone bridge, 
the output of which is fed to the first channel 
of a direct-writing oscillograph via an input 
coupler [Q]. A potentiometer [N], which is 
fixed to the housing [D], is mechanically 
coupled to a cam follower from the moving 
shaft [E]. The output of the potentiometer is 
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Fig. 2. Patient seated at tonometer, showing strain gange arrangement, position of arm, and 
electromyograph. See text for further explanation. 


recorded via an input coupler [Q] on the 
second channel of the oscillograph. The veloc- 
ity of the tone arm [G] is controlled from a 
drive box. As the shaft [E] describes a to-and- 
fro linear motion, the signal from the potenti- 
ometer is altered in proportion to the degree 
of motion of the shaft, so as to produce a pure 
sine wave on the tracing (Fig. 3). The pen of 
the first channel (torque signal) is centered on 
a fixed base line at the start of testing. Any 
deflection from the base line is proportional to 
a torque exerted on the tone arm. The mid- 
point of the arc of motion is a point of con- 
stant velocity at which all measurements are 
taken. The machine is calibrated by measuring 
the torque produced by known weights at- 
tached to the tone arm. 


The equipment used for the recording of 
tremor consists of 3 basic units. That which 
senses the movement is the accelerometer. The 
second amplifies the output of the accelerometer 
and prepares it for recording. The final section, 
which does the actual recording, is a direct- 
writing oscillograph. The accelerometer used 
is the Glennite AVR-250 (manufactured by 
Gulton Industries, Inc., Metuchen, N. J.), which 
is designed to measure low frequency vibra- 
tions and accelerations on small structures. It 
is essentially a variable reluctance pickup. A 
console (Fig. 1 [Q]) houses the necessary 
equipment to balance and calibrate a bridge, 
the carrier oscillator, an input amplifier, a 
phase splitter, a push-pull amplifier, a phase- 


sensitive demodulator, and an input coupler. 
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Special sensitivity controls and other modifica- 
tions as necessary to achieve the special signal 
clarity desired are built into the unit. The 
system employs the common design technics 
used in the field of guided missiles, with new 
application to the field of tremor measurement. 
This was first done by Agate, Doshay, and 
Curtis.*° 

In the measurement of the components of 
voice, the following equipment is employed: 
Breathing is measured by use of a spirometer, 
pneumograph, pneumotachograph, gas analysis 
apparatus, and pH meter. Speech is recorded 
on magnetic tape in a sound-treated room. The 
tapes are subsequently analyzed with appro- 
priate instrumentation, including a power level 
recorder and a phonation timer. 


PATIENT SELECTION 


Persons to be tested were placed in 2 groups 
of 30 members each. The first were controls, 
adults free of neurologic disease. The second 
were patients with clinical parkinsonism. Both 
groups were equivalent as to age. No subject 
who had significant bone or joint disease was 
included. All treatment for the parkinsonism 
patients was suspended for at least twenty-four 
hours before recording. 

Patients who exhibited alterations of the 
speech organs, such as after surgery, or whose 
peripheral hearing was below normal limits for 
their age were excluded from speech studies. 


PROCEDURE 


When tone was measured, the patient was 
seated at the tone arm, as in Figure 2. He was 
instructed to relax. The pen of channel A was 
centered on the base line. The tone-arm 
motion proceeded at a constant speed of 2.5 
strokes per minute. Extension and flexion of 
both upper extremities were recorded. The 
deflection of the pen from the base line at 
the midswing was measured for each of 10 
trials (extension and flexion of the right and 
left arms). The means of these 40 values were 
converted to torque expressed in dyne-centi- 
meters by means of a calibration graph. Sur- 
face electromyography (Fig. 2 [T]) from the 
triceps muscle of the tested arm was used as 
a monitor of voluntary resistance. Any trial 
in the controls showing such voluntary resist- 
ance was eliminated. 


For measurement of tremor, the acceler- 
ometer was taped onto the proximal phalanx 
of the index finger when the upper extremity 
was tested and onto the proximal phalanx of 
the great toe when the lower extremity was 
tested. Before recording, both accelerometers 
were placed on the same finger and the gain 
settings balanced, so that both channels pro- 
duced the identical tremor amplitude. This 
was necessary because of the slight difference 
in the writeout of the channels. Although both 
operate independently and are equally sensi- 
tive, the inevitable differences in component 
characteristics of the channels result in slight 
differences in amplitude of signal at the same 
gain settings. The extremities were placed in 
one of two positions during testing. They were 
held in either the rest position, in which the 
extremity was supported, or the up position, 
in which the patient voluntarily elevated the 
extremity, holding it out in front of him, not 
supported against gravity. For the upper ex- 
tremity, the rest position consisted of the 
forearm lying on a flat surface with the wrist 
and hand hanging over the edge. The edge 
of the supporting surface came to a point | in. 
proximal to the radial styloid. Figure 4 shows 
the patient sitting with both hands at rest. 
For the lower extremity, the rest position con- 
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Fig. 3. Diagram of normal torque plot. B.L. 
=baseline. A=torque signal from strain 
gauges B=potentiometer plot. C=signal 
rom electromyograph 
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Fig. 4. Upper extremities in rest position 


sisted of the leg lying on a low chair with the 
ankle and foot unsupported. 

In order to measure static tremor, the ex- 
tremity was raised to the up position. Figure 5 
shows the upper extremity in this position. For 
the lower extremity, the up position consisted 
of the patient’s raising the extremity from the 
chair and holding it still, not supported against 
gravity. By a combination of 88 steps, the rest- 
ing and static tremor of all 4 extremities was 
recorded when the extremities not being 
measured were at rest and in the up position. 
In addition, the vertical and horizontal planes 
of tremor in both upper extremities were re- 
corded simultaneously. In order to derive the 
most information possible from this study, 2 
accelerometers were always recording, at times 
from both upper extremities, at times from 
both lower extremities, and at other times 
from an upper and a lower limb. When both 
vertical and horizontal planes of upper ex- 
tremity tremor were recorded, one accelerom- 
eter was taped to the dorsum of the finger and 
the other to the side of the finger. The control 
and experimental groups were tested with es- 
sentially the same protocol. In one series of 
tests, both vertical and horizontal planes of 
the same hand were recorded. However, in all 
other testing, when 2 extremities were meas- 
ured, the vertical plane only was recorded. 
Thus, not only is the tremor of an extremity 
recorded, but the study also includes the effect 
upon this tremor when that extremity was 
raised voluntarily against gravity. Also studied 
was the effect of tremor in the resting extrem- 
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Fig. 5. Left upper extremity in up position 


ity and in the raised limb when other limbs, 
singly and in various combinations, were 
raised. 

The patients in whom voice was measured 
were given a thorough otorhinolaryngologic 
examination, including speech and pure-tone 
audiometry. A battery of pulmonary function 
studies, including analysis of the arterial blood 
for carbon dioxide, oxygen, and pH, was per- 
formed. Finally, in a sound-treated room and 
under standardized conditions, a series of 
special speech tests was administered. These 
included the reading of a phonetically bal- 
anced passage, articulatory diadochokinetic 
rates, sustained vowels, and voluntary vocal 
pitch and intensity ranges. The data were then 
analyzed in terms of articulation, intensity, 
frequency, and temporal aspects. 


RESULTS 


Figure 3 shows a diagram of the torque plot 
in the normal patient. The mean torque in 
dyne-centimeters is recorded, resulting in 4 
mean values per patient per testing day: 
torques of flexion and extension of right and 
left upper extremities. 

Tremor is analyzed according to 8 param- 
eters. Each of the 88 steps of the test pro- 
cedure is measured in the following manner: 

Dominant frequency is analysed by the 
visual method and expressed in cycles per 
second. 

Frequency regularity is an expression of fre- 
quency regularity and degrees of irregularity. 
A regular tremor, given the symbol R, has a 
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predominantly regular frequency (Fig. 6). 
There are 3 degrees of irregularity. A tremor 
predominantly mildly irregular is given the 
symbol I; a tremor predominantly moderately 
irregular is given the symbol I+; and a tremor 
predominantly severely irregular is given the 
symbol I+ +. 

Mode amplitude is an expression in milli- 
meters of the average peak-to-peak amplitude. 

Amplitude regularity expresses the ampli- 
tude regularity and degrees of irregularity in 
the same fashion and by the same symbols 
used in analyzing frequency regularity, as de- 
scribed above. Figure 6 again illustrates the 
varieties of amplitude regularity. 

Amplitude periodicity describes a sponta- 
neous waxing and waning effect of the ampli- 
tude and is not to be confused with amplitude 
irregularity. A tremor may have an irregular 
amplitude but may be constantly perpetuated. 
Periodicity describes a situation in which the 
amplitude increases and decreases periodically 
over a relatively long stretch of the record. A 
tremor of any degree of amplitude irregularity 
may or may not be periodic. Figure 7 illus- 
trates a periodic tremor that is waxing and 
waning. Each channel of each step is analyzed 
for either the presence or the absence of pe- 
riodicity. 

Harmonics refers to consistently reproduced 
spontaneous wave activity that bears a definite 
temporal relationship to the basic frequency. 
Figure 8 illustrates some different forms taken 
by harmonic activity. Again, each step is 
analyzed for presence or absence of harmonics. 

Spindles are described as spontaneous oscil- 
latory activity of the tremor forms themselves, 
somewhat of a periodic effect occurring regu- 
larly (Figure 7). This has some similarities to 
the amplitude periodicity concept but is de- 
scribed separately because it occurs with more 
regularity and may appear apart from ampli- 
tude periodicity. 

Abrupt wave-form change describes the 
phenomenon of abrupt spontaneous change in 
the wave form from regularity to irregularity 
or vice versa (Fig. 7). 

Some of these parameters of tremor involve 
quantitative measurements of phenomena with 
varying degrees of irregularity. Other param- 
eters involve actual measurements of fre- 
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Fig 6. (Left) Degreés of tremor frequency 
and amplitude regularity. [A] Regular. [B] 
Mildly irregular. [C] Moderately irregular. 
[D] Severely irregular 


Fig. 7. (Center) Tremor parameters. [A] 
Spindles. [B] Amplitude periodicity. [C] 
and [D] Abrupt wave-form change in regu- 
larity 


Fig. 8. (Right) Harmonics in tremor tracings 


quency or amplitude. Still others involve “yes” 
or “no” responses, with no attempt being made 
to quantitate degree of incidence in an indi- 
vidual step. 


DISCUSSION 


To our knowledge, the equipment described 
is the most sensitive and accurate that has thus 
far been used for the recording and measure- 
ment of tone and tremor. 

No previous studies of tone and tremor have 
employed the parameters of measurement uti- 
lized herein. It is believed that these param- 
eters are of greater significance in defining 
these phenomena than are the traditional 
methods that utilize frequency and amplitude 
only. The parameters of tone quantitate muscle 
tension in absolute units, dyne-centimeters. 
These methods of measurement of both tone 
and tremor have proved valid and reliable. 

Variables that affect tone and tremor have 
been considered and will be presented in a 
future report. The incidence of the parameters 
of tone and tremor in normal persons and in 
patients with parkinsonism will also be pre- 
sented. 

Preliminary studies of voice have suggested 
that several measurements of the abnormal 
speech in patients with Parkinson’s disease are 
indicative of the differences between this 
clinical group and normal speakers. The in- 
tensity and time components appear to be 
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especially sensitive to distortion in this condi- 
tion. A more detailed presentation of the 
quantification of these deviations will appear 
in future reports. 

Evaluation of the respiratory mechanism, 
which provides the energy essential for the 
production of voice, is basic to our study. The 
altered anatomy and physiology of the respira- 
tory system concomitant with parkinsonism 
have not been adequately investigated. The 
role of alterations of carbon dioxide, oxygen, 
and pH in affecting the symptoms of parkin- 
sonism needs elucidation. The latter factors 
may have great significance. 


NEUROLOGY 


SUMMARY 

1. A methodology for the recording and 
quantitation of tone and tremor has been de- 
scribed. 

2. Tone is measured by a strain gauge to- 
nometer in dyne-centimeters of torque as the 
upper limb is moved through a constant arc, 
under controlled conditions. 

3. Tremor is recorded by use of a variable 
reluctance accelerometer, an input coupler, 
and an inkwriter and is measured in terms of 
several new parameters. 

4. A comprehensive study of the compo- 
nent factors of voice has been outlined. 


Photographs reproduced by permission of Offner Electronics, Inc., General Electric Co., and Verson All Steel Co., 


Chicago, and Gulton Industries, Inc., Metuchen, N. J. 
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Penetration of radioactive bovine albumin 


from cerebrospinal fluid into brain tissue 


J. C. Lee, M.B., M.Se., and J. Olszewski, M.D., Ph.D. 


IT Is USUALLY stated that certain substances of 
small molecular size can penetrate easily into 
the brain tissue from the cerebrospinal fluid, 
although they cannot pass the blood-brain bar- 
rier. According to Bakay,! this penetration is 
possible only when the particle radius of the 
substance is less than 10 A. However, Bow- 
sher? found that large molecules of radioactive 
proteins could enter the brain tissue along the 
blood vessels and also observed a slight, dif- 
fuse radioactivity in the subpial tissue. Mandel- 
stamm and Krylow® considered that the pene- 
tration of substances from the cerebrospinal 
fluid into the brain was due to the flow of cere- 
brospinal fluid in the Virchow-Robin space. 
Davson* believed that simple diffusion through 
the mesothelial lining of the subarachnoid space 
and through the ependyma of the ventricles 
played a significant part. Bakay'® noticed 
that penetration through the ependyma was 
dependent on changes in cerebrospinal fluid 
pressure. He found that withdrawal of cere- 
brospinal fluid followed by intracisternal in- 
jection of radioactive phosphorus (P32) gave 
rise to radioactivity in the ependymal lining 
and that, after identical injection without with- 
drawal of cerebrospinal fluid, no radioactivity 
was seen there. It can be added that some 
investigators® have considered that the appar- 
ent difference in the penetration of substances 
into the brain tissue from blood and cerebro- 
spinal fluid may be due only to the inappropri- 
ate selection of the dosage, which was con- 
siderably higher when the cerebrospinal fluid 
route was used. 

The purpose of the present investigation 
was to study the penetration of radioactive 
iodinated albumin from the cerebrospinal fluid 
into the brain tissue. In particular, we were 
interested in finding out how deeply the al- 
bumin would penetrate into the nervous tis- 
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sue, how long it would remain there, and 
whether such penetration would occur uni- 
formly throughout the whole pial surface of 
the central nervous system. 


MATERIAL AND METHODS 


For these experiments, 20 adult rabbits, 6 
dogs, and 3 cats of both sexes were used. 
Radioactive iodinated bovine albumin was 
employed as the tracer. Under Nembutal an- 
esthesia, the animals received a suboccipital 
injection of 0.2 to 1 cc. of 2% tracer solution, 
corresponding to radioactivity of 20 to 250 
pe. In some experiments, an equal amount 
of cerebrospinal fluid was withdrawn before 
the injection; in others, no such withdrawal 
was made. At various time intervals—twenty 
minutes to twenty-four hours after the injec- 
tion—the animals were killed with an over- 
dose of Nembutal. The brains were removed 
and fixed in 10% formalin overnight, and frozen 
sections 75, thick and, in 1 rabbit, serial 
paraffin sections 20 , thick were prepared and 
mounted. Contact autoradiographs with no- 
screen x-ray film were made as reported else- 
where.’ Histologic sections were stained by 
the Niss] method and, in a few instances, with 
hematoxylin-eosin. 


RESULTS 


The main results of our experiments are 
summarized in the table. As can be seen from 
this table and the accompanying figures, the 
leptomeninges, superficial subpial brain tissue, 
and some blood vessels became radioactive 
after subarachnoid injection of iodinated al- 
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DISTRIBUTION OF RADIOACTIVITY AFTER SUBARACHNOID INJECTION OF THE TRACER 


Experiment Volume and -——Distribution and intensity of radioactivity, 
number and strength Survival time Subpial ——Cerebral blood — 
animal's of tracer after Lepto- brain Sub- Figure 
weight injected injection meninges tissue pial Deep coms numbers 
Rabbit 232 0.2 ce. 20 minutes oad _ ++ + ++ land 2 
3.4 kg. 22 ue. 
Rabbit 452 0.38 ce. 1% hours ++ ++ ++ + ++ 3 
4 kg. 20 ue. 
Cat 453 0.38 cc. 1% hours ++ 
3 kg. 20 ue. 
Rabbit 448 0.2 ce. 3 hours +44 +++ soe +4 $+ 4 
4 kg. 20 ue. 
Rabbit 465 0.2 cc. 3 hours +++ ++ 
3.8 kg. 20 ue. 
Rabbit 437 0.2 ce. 3 hours 4444+ 444+ +4+ 5 
2 kg. 40 uc. 
Rabbit 197 0.2 ce. 3 hours +4+4+4+ 4444+ +++ 
1.8 kg. 40 ue. 
Rabbit 479 0.4 ce. 3 hours +44 
4.5 kg. 40 ue. 
Cat 439 0.2 ce. 3 hours tay ++ ++ ++ _ 6 
2.5 kg. 40 ue. 
Cat 563 0.17 ce. 3 hours +44 care ++ ++ = 
3.3 kg. 50 ue. 
Dog 562 0.33 ce. 3 hours +44 ++ 7 
6 kg. 100 ue. 
Dog 623 1 ce. 3 hours 4444 
5 kg. 250 ue. 
Dog 624 lee. 3 hours tH+ 8 and 9 
6.5 kg. 250 ue. 
Rabbit 444 0.34 ce. 6 hours ++ ++ ++ + ++ 10 and 11 
3.1 kg. 40 ue. 
Rabbit 234 0.18 ce. 16 hours -- 12 
1.8 kg. 20 ue. 
Rabbit 233 0.2 cc. 24 hours 
2.8 kg. 22 ue. 
+= Presence of radioactivtiy 
++, +++, and ++++ = Increasing intensity of radioactivity 


— = Absence of radioactivity 
* Faint radioactivity over the whole surface of the brain 


bumin solution. This radioactivity is inter- 
preted as indicating that some of the tracer 
became absorbed on the leptomeninges and 
some penetrated from the cerebrospinal fluid 
into the nervous tissue. Judging by the ap- 
pearance of the autoradiographs, penetration 
took place along the broad front of the menin- 
geal surface of the brain and along some blood 
vessels entering the brain tissue. 

The penetration along the broad front of 
the brain surface was manifested by a band of 
diffuse radioactivity which faded gradually 
into the tissue depths (Figs. 4, 8, and 10). 
This band was broader at the base of the brain 
and around the transverse cerebral fissure than 
over the convexity of the cerebral hemispheres 


(Figs. 4, 6, and 10). The leptomeninges ap- 
peared as a distinct dark line (Figs. 4, 6, and 
10). 

Radioactivity along the blood vessels was 
seen in several places. The small blood vessels 
penetrating from the meninges into the sub- 
pial tissue were frequently radioactive. This 
was particularly conspicuous in the hypothala- 
mus but was also present in the cerebral cor- 
tex (Figs. 2, 4, and 9). Several spots of 
radioactivity corresponding to vessels in the 
deeper regions of the brain were also seen 
(Figs. 1, 5, and 8). In the rabbit, the blood 
vessels in the hippocampal fissure were fre- 
quently radioactive (Fig. 11). This has not 
been observed in either the cat or the dog. 
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Fig. 1. (Exp. 232) Autoradiograph of a 
brain section taken from a rabbit that was 
killed twenty minutes after intracisternal in- 
jection of tracer. Moderate radioactivity is 
seen in the leptomeninges outlining the free 
surfaces of the brain, including that of the 
transverse fissure. Dark spots over brain tis- 
sue correspond to sites of blood vessels. 


Fig. 3. (Exp. 452) Autoradiograph of a 
brain section taken from a rabbit that was 
killed one and one-half hours after intra- 
cisternal injection of tracer. Moderate radio- 
activity is seen in the leptomeninges and 
subpial brain tissue. Dark spots of radio- 
activity in brain tissue correspond to sites 
of blood vessels, as in Figure 1. 


The resolution of x-ray film emulsion does not 
allow a precise localization of the radioactivity 
in relation to the components of the vessel 
wall or perivascular tissue. However, we feel 
confident that this radioactivity was not due 
to blood in the lumina of the vessels because 
we observed that some vessels which were 


Fig. 2. (Exp. 232) [A] Photomicrograph of 
hypothalamus from the same brain seen in 
Figure 1; 2 blood vessels entering the hypo- 
thalamus from the leptomeninges are marked 
by arrows. [B] Corresponding autoradio- 
raph. Note the radioactivity along the 
lood vessels and over the surface of the 
brain. No radioactivity is seen over the 
ependymal lining of the third ventricle. 


Fig. 4. (Exp. 448) Autoradiograph of a 
brain section taken from a rabbit that sur- 
vived three hours after intracisternal injec- 
tion of tracer. Note intense radioactivity in 
the leptomeninges and along some blood 
vessels penetrating the brain tissue. Radio- 
activity in the subpial brain tissue is more 
intense and occupies a broader area than it 
does in Figure 3. 
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radioactive did not contain blood and, on the 
contrary, that other vessels which contained 
blood were not radioactive. 

The distribution of the radioactivity in the 
cerebellum, lower brain stem, and spinal cord 
deserves special description. In the cerebel- 
lum, radioactivity was present in the narrow 
subpial layer, but, because of the thinness of 
the folia, the general impression was that of a 
more intense darkening than in the cerebral 
hemispheres. In the lower brain stem, radio- 
activity was present beneath the pia (Fig. 7) 
and along the blood vessels, particularly those 
in the midline. In 1 dog, sections through the 
medulla taken at the level of the area postrema 
showed intense radioactivity of this structure 
(Fig. 7). The cervical spinal cord was in- 
vestigated in 1 cat and 1 dog. The whole cross 
section of the cord was moderately radio- 
active, with more radioactivity at the periphery 
and slightly more in the gray matter. 

A comparison of the autoradiographs ob- 
tained from animals that were killed at various 
intervals after injection of the tracer showed 
the following results. Twenty minutes after the 
injection, radioactivity was restricted to the 
leptomeninges, with only a very few streaks of 
darkening along the superficial blood vessels 
of the hypothalamus and occasional dark spots 
corresponding to deep vessels (Figs. 1 and 2). 
With a longer survival time, the darkening be- 
came more intense in the leptomeninges and 
along the blood vessels and appeared diffusely 
under the pia (Fig. 3). Radioactivity was 
most intense after three hours’ survival time 
(Figs. 4 and 5), while, after six hours, the 
subpial band became broader but slightly less 
radioactive (Fig. 10). Sixteen-hour specimens 
showed only a faint, diffuse radioactivity over 
the whole brain section (Fig. 12). After 
twenty-four hours of survival, no radioactivity 
was observed in the autoradiographs. 

The general pattern of the radioactivity was 
similar in all 3 species investigated. The only 
exceptions were [1] the presence of radio- 
activity along the blood vessels of the hippo- 
campal fissure of the rabbit and [2] the pres- 
ence of a very faint radioactivity of the ep- 
endymal lining in the dog (Figs. 8 and 9). 

The difference in intensity of radioactivity 
seen in animals of the same species killed after 
the same survival time correlated well with 
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Fig. 5. (Exp. 437) Autoradiograph of a 
brain section taken from a rabbit that sur- 
vived three hours after intracisternal injec- 
tion of tracer in a dose double that u in 
Experiment 448. Note that the pattern of 
radioactivity is the same as in Figure 4 but 
the intensity is much greater. 


the strength of the tracer injected (Figs. 4 and 
5). Variations in the volume of the fluid in- 
jected did not seem to have an appreciable 
effect on the intensity and distribution of the 
radioactivity. 

Finally, we would like to mention briefly the 
results of two pilot experiments that we per- 
formed during the course of this investigation. 

In one group of experiments, radioactive 


Fig. 6. (Exp. 439) Autoradiograph of a brain 
section taken from a cat that survived three 
hours after intracisternal injection of tracer. 
Note that the distribution of the radioac- 
tivity has the same pattern as in the pre- 
vious figures but is less intense. 
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injection level within two hours. During these 
experiments, we observed that there was a 
sharp rise in cerebrospinal fluid pressure, ap- 
proximately 30 to 60mm. H,O, if the an- | 
esthesia became lighter and the dogs started 

to move. This occurred even with very slight 
movements. 


DISCUSSION 


The results of our experiments indicate that 
molecules of albumin tagged with radioactive 
iodine can penetrate into the nervous tissue 
from the cerebrospinal fluid. We feel confident 
that we were observing the radioactivity of 
iodine still attached to the albumin and not of 
free, unbound ions. This confidence is based 
on the well-known stability of the iodine-pro- 
tein bond and on the fact that, with our auto- 
radiograph technic, unbound iodine would be 
washed away from the sections. We used a 
commercial preparation of iodinated albumin 
which contained about 2% of unbound iodine, 
and one could argue that the unbound iodine 
penetrated into the nervous tissue and then 
became attached to the tissue proteins. To 
answer this question, we performed a control 
experiment by injecting 1 uc. of radioactive 


Fig. 7. (Exp. 562) [A] Photomicrograph of a 
section of the medulla oblongata taken from 
a dog that survived three hours after intra- 
cisternal injection of tracer. Note the area 
postrema immediately dorsal to the central 
canal, [B] Corresponding autoradiograph. 
Note the intense radioactivity corresponding 
to the area postrema and a band of diffuse 
radioactivity underneath the leptomeninges. 


iodinated bovine albumin was injected into 
the subarachnoid space of rabbits immediately 
before or after the animals were killed by an 
overdose of Nembutal. After a few passive 
bending movements of the neck, the animals 
were left for three or six hours and the brains 
were then removed. In these cases, there was 
very intense radioactivity along the lepto- 
meninges and also along the ependymal lining 
of the whole ventricular system. 

In another group of experiments, the cere- 
brospinal fluid pressure was measured in dogs 
after a subarachnoid injection of various fluids. 


Fig. 8. (Exp. 624) Autoradiograph of a brain 
section taken from a dog that survived three 


Immediately after the injection of 0.2 cc. of hours after intracisternal injection of tracer. 
2% nonradioactive bovine albumin, the cere- Note intense radioactivity in the leptome- 
brospinal fluid pressure rose from 110 to 133 


over the deep regions of the brain corre- 


mm. H,O but returned gradually to the pre- spond to sites of blood vessels. 
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potassium iodide into the cisterna magna of 
a rabbit, Thus, the amount of the radioactive 
unbound iodine injected was 2% times greater 
than that contained in 20 yc. of the iodinated 
albumin. Autoradiographs of brain sections 
from this experiment did not reveal any evi- 
dence of radioactivity. 

The perivascular distribution of the radio- 
activity was similar to that seen by Bowsher.” 
However, in our material, we have observed 
radioactivity in relation to not only superficial 
vessels but also those deep in the brain tissue. 
The question arises whether this distribution 
occurred during life as a result of the flow of 
the cerebrospinal fluid or whether it was a 
postmortem artifact. The radioactivity in re- 
lation to the subpial blood vessels and blood 
vessels of the hippocampal fissure is surely not 
an artifact. Supporting this statement are the 
observations of the perivascular spread of in- 
flammatory and neoplastic processes from the 
cerebrospinal fluid into the perivascular spaces 
of the superficial cortical vessels. Further, 
Iwanowski and Olszewski® have found that, 
when an iron-containing pigment was injected 
subarachnoidally for several weeks, the peri- 
vascular spaces of the hypothalamus and hip- 
pocampus were surrounded by an iron-con- 
taining material. Finally, the regularity with 
which this perivascular distribution was ob- 
served in our present investigation supports 
the belief that it was not an artifact. We are 
less sure about the origin of the radioactivity 
in relation to the blood vessels in the depths 
of the brain. It is possible that, during life, the 
radioactive cerebrospinal fluid moved along 
the perivascular space and traveled quite a 
distance from the pial surface. The presence 
of the flow of cerebrospinal fluid in these 
spaces has been accepted by several authors. 
However, although at present we are more in- 
clined to think that we were dealing with a 
true physiologic phenomenon, we cannot ex- 
clude the possibility of a postmortem artifact 
due, for example, to a change in the volume 
of the brain after its fixation. Further experi- 
ments are necessary in order to settle this 
question. 

The subpial band of diffuse radioactivity 
was probably caused by the penetration of 
tracer directly from the subarachnoidal space 
into the nervous tissue. Obviously, the radio- 


Fig. 9. (Exp. 624) Details of Figure 8. [A] 
Histologic section shows position of the 
blood vessels in the diencephalon (arrows). 
[B] Note the radioactivity corresponding to 
these vessels and to the ependymal lining of 
the third ventricle. 


activity of the subpial tissue is not an illusion 
due to the scatter of radiation from the in- 
tensely radioactive meninges. The sharpness of 
the edge of the darkening of the emulsion at 
the external border of the subpial band and 
the gradual decrease in this darkening toward 
the depths of the brain are sufficient proof. 
Bowsher® has also observed slight radioactivity 


Fig. 10. (Exp. 444) Autoradiograph of a 
brain section taken from a rabbit that sur- 
vived six hours after intracisternal injection 
of tracer. Pattern of the distribution of 
radioactivity is the same as in Figure 4, but 


the subpial band is broader and less dark. 
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Fig. 11. (Exp. 444) Details of Figure 10. 
[A] Histologic section shows position of the 
blood vessels in the hippocampal fissure 
(arrows). [B] Note the radioactive spots 
corresponding to these vessels. Radioactivity 
is also present in the hippocampus and thal- 
amus adjacent to the transverse cerebral 
fissure but is absent from the ependyma and 
subependymal tissue of the lateral ventricle. 


in the subpial brain tissue after subarchnoid 
injection of sulphur-labeled proteins. How 
albumin-sized molecules penetrate through the 
pia-glia membrane® and then spread into nerv- 
ous tissue reputedly devoid of extracellular 
spaces is difficult to understand. One of the 
possible ways would be by pinocytosis, and 
evidence exists that this phenomenon occurs in 
at least some cells of the nervous tissue. Thus, 
Klatzo'® has seen in tissue cultures the trap- 
ping of vacuoles of the medium by the un- 
dulating astrocytic membranes. 

The greater intensity of penetration into 
the brain tissue at the base of the brain and 
from the transverse cerebral fissure than at the 
convexity can probably be explained by the 
mechanics of cerebrospinal fluid circulation. 
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In some regions, the flow may be slower be- 
cause of either a “blind alley” effect or a 
broader channel of the given sector of the 
subarachnoid space. At these sites, the cere- 
brospinal fluid may retain a higher concen- 
tration of the tracer for a longer time. This ex- 
planation is also applicable to the high in- 
tensity of radioactivity that can be observed 
in the spinal cord and the periphery of the 
medulla. 

The time at which the radioactivity disap- 
peared from the nervous tissue after subarach- 
noid injection of the tracer was of approximate- 
ly the same order as that previously observed 
by us after air embolism.'! The 3 mechanisms 
that we suggested in that publication as re- 
sponsible for this disappearance are also ap- 
plicable to our present results. These results 
perhaps give certain support to the second 
mechanism (disappearance via the cerebro- 
spinal fluid), since, if proteins can enter the 
nervous tissue from the cerebrospinal fluid, 
they may also be able to leave it when the 
gradient of concentration would favor such 
a movement. The investigation of Simmonds!” 
and our own unpublished results indicate that 
such a favorable gradient may develop within 
ten to fifteen hours because the proteins in- 
jected subarachnoidally disappear from the 
cerebrospinal fluid with considerable speed. 
Thus, if the brain and cerebrospinal fluid are 


Fig. 12. (Exp. 234) Autoradiograph of a 
brain section taken from a rabbit that sur- 
vived sixteen hours after intracisternal in- 
jection of tracer. Note only faint radioac- 
tivity over the whole surface of the section. 


yt 
\\ 
; 
ag 
* 
Ah 2 & 
4 


PENETRATION OF RADIOACTIVE BOVINE ALBUMIN 


in some form of “equilibrium,” the nervous 
tissue would begin losing its radioactivity as 
soon as the cerebrospinal fluid concentration 
became lower than that of the nervous tissue. 
It should be remembered that, in all our ex- 
periments, we have used heterologous proteins 
and that homologous proteins might have given 
somewhat different results. On the other hand, 
it is known that the disappearance curve of 
proteins introduced intravenously is identical 
for homologous and heterologous proteins dur- 
ing the first seven days after the injection, pro- 
vided the animals were not previously sensi- 
tized to the heterologous proteins used. 

The nearly complete absence of radioactivity 
in the ependymal lining and subependymal 
tissue is due most likely to the direction of 
flow of the cerebrospinal fluid. When tracer 
was injected into the subarachnoid space of 
rabbits that were killed immediately before 
or after the injection, the ventricular walls be- 
came intensely radioactive. In these cases, 
there was obviously no flow of cerebrospinal 
fluid and the tracer mixed with the fluid in all 
compartments of the ventricular system. We 
would like to stress that the absence of radio- 
activity in the ependyma of the rabbits that 
survived a certain time after the injection 
should not be understood as indicating that, 
under normal conditions in wakeful animals, 
there is no mixing of the subarachnoidal fluid 
with the ventricular. Under normal conditions, 
there must be constant fluctuation of the cere- 
brospinal fluid pressure resulting in temporary 
reversal of the direction of flow. A similar 
mechanism can explain Bakay’s® results men- 
tioned above—the presence of radioactivity in 
the ependyma if some cerebrospinal fluid was 
withdrawn before subarachnoid injection of 
P82. We have not observed this phenomenon, 
but our results cannot be compared directly 
with Bakay’s because we used a different 
tracer. 

It can be questioned whether the penetra- 
tion of proteins from the cerebrospinal fluid 
into the brain tissue, particularly deep peri- 
vascular penetration, was not due to an in- 
crease of cerebrospinal fluid pressure after in- 
jection of the proteins into the subarachnoid 
space. However, measurements of cerebro- 
spinal fluid pressure after subarachnoid injec- 
tion of a comparable amount of protein showed 
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only a slight increase in pressure, which re- 
turned to normal within two hours. We there- 
fore feel that the penetration we observed was 
not the result of an excessive rise of cerebro- 
spinal fluid pressure. Here, we can mention 
again that cerebrospinal fluid pressure is not 
a static phenomenon but is continually chang- 
ing, depending on various factors. These vari- 
ations are physiologic, and their range must 
be higher than the slight change observed 
after subarachnoid injection of a small amount 
of proteins. Thus, if variations of cerebro- 
spinal fluid pressure were responsible for the 
perivascular spread of the cerebrospinal fluid, 
we can expect that, in a wakeful animal or 
man, this spread would be even more extensive 
than in our anesthetized animals. 

The findings reported here may be of signifi- 
cance in understanding the spread of patholog- 
ic processes if we accept that the pathogenic 
factor is present in the cerebrospinal fluid. 
Thus, the perivascular distribution of lesions 
could be due to the penetration of the agent 
not from the blood into the nervous tissue but 
from the cerebrospinal fluid along the peri- 
vascular spaces. Indeed, this route of invasion 
has been suggested by other authors'® for 
many years, and, although our findings do 
not prove that such a route is significant, they 
support the belief that it does exist. 


SUMMARY 


1. Subarachnoid injections of radioactive 
iodinated bovine albumin were performed in 
rabbits, cats, and dogs. 

2. An autoradiographic technic was used to 
study the distribution of radioactivity at vari- 
ous time intervals after the injections had been 
made. 

3. Radioactivity was observed along the 
blood vessels in the superficial and deep re- 
gions of the brain. In addition, a broad band 
of diffuse radioactivity was present under the 
leptomeninges. 

4. The peak of this radioactivity was ob- 
served three hours after an injection. After six- 
teen hours, the radioactivity was negligible 
and, after twenty-four hours, was absent. 

5. These findings underline the significance 
of the cerebrospinal fluid as a route for the in- 
vasion of the nervous tissue in the pathogenesis 
of nervous diseases. 
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Meningeal leukemia 


A syndrome resulting from increased intracranial pressure 
in patients with acute leukemia 


Richard K. Shaw, M.D., Edward W. Moore, M.D., 
Emil J. Freireich, M.D., and Louis B. Thomas, M.D. 


AN INCREASING NUMBER of patients with acute 
leukemia who have clinical evidence of me- 
ningeal irritation and increased intracranial 
pressure, unrelated to hemorrhage or infec- 
tion, are now being observed. This syndrome, 
which we shall term meningeal leukemia, is 
related to infiltration of the arachnoid by 
leukemic cells.1_ Meningeal leukemia is of con- 
siderable interest because it may be the only 
initial evidence of acute leukemia, may appear 
in patients who are in hematologic remission, 
is often a difficult diagnostic problem, is asso- 
ciated with a high patient morbidity, and may 
be a direct cause of death. The purpose of 
this paper is to define in detail the clinical 
manifestations of meningeal leukemia which 
have been noted in 25 (16.7%) of 150 pa- 
tients with acute leukemia admitted consecu- 
tively to our center. A review of the medical 
literature on meningeal involvement in leu- 
kemia will be presented and considered in re- 
lation to our findings. 


PATIENT MATERIAL AND METHODS 


The medical records of the first 150 patients 
with acute leukemia admitted to the Clinical 
Center from July 1, 1953, to April 1, 1958, 
were reviewed. The patients are classified by 
cell type, age, and sex in Table 1. The age 
range was 4 months to 78 years. The predom- 
inance of lymphocytic leukemia in children 
and myelocytic leukemia in adults is in accord 
with previous reports.2 However, the marked 
male predominance in both age groups is some- 
what greater than has previously been de- 
scribed. All but 15 of these patients had been 
cared for during life by at least one of the 
authors. 

Neurologic signs and symptoms ascribable 
only to meningeal leukemia were found in 25 


patients. Patients with intracranial hemor- 
rhage, central nervous system infections, iso- 
lated spinal cord involvement, peripheral neu- 
ropathy, or drug toxicity were not included in 
the meningeal leukemia group. If data were 
insufficient to exclude other causes, patients 
who had neurologic changes that may have 
been due to leukemic infiltration of the me- 
ninges were also not included in the meningeal 
leukemia group. Of the 25 patients with me- 
ningeal leukemia, 6 have been briefly de- 
scribed in a previous publication.* 

Of the 150 patients, 141 had died by the 
time of the study. The central nervous system 
was examined at autopsy in 117 of these. Of 
the 25 patients with meningeal leukemia, 2 
were living at the time of this report; patho- 
logic examination of the central nervous sys- 
tem was performed in all of the other 23. 

The diagnosis of acute leukemia was estab- 
lished in each patient by bone marrow exam- 
ination. Antileukemic therapy, consisting of 
6-mercaptopurine (6-MP), Methotrexate, ad- 
renal steroids, and experimental drugs, was 
handled in a uniform manner under the study 
programs of the Acute Leukemia Cooperative 
Group B.*> The criteria for hematologic re- 
mission and relapse were those published by 
the Clinical Studies Panel of the Chemotherapy 
National Service Center.® Analysis of the data 
was made by the chi square test.* Life tables 
were constructed by the standard technic.* 
Radiation therapy doses given in the text refer 
to tissue doses. 


From the National Cancer Institute and the Department of 
Pathologic Anatomy, Clinical Center, National Institutes of 
Health, Bethesda, Md. 

Dr. Shaw’s present address is the Department of Medicine, 
University of Washington Medical School, Seattle. Dr. 
Moore is now with the Second and Fourth crt 
Medical Services, Boston City Hospital. 
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TABLE 1 


CLASSIFICATION OF 150 PATIENTS WITH ACUTE 
LEUKEMIA BY CELL TYPE,* AGE,+ AND SEX 


Number of Sex 
Cell type patients Male Female 
Lymphocytic 93( 62%) 58 35 
Children 63 43 20 
Adults 30 15 15 
Myelogenous 57(38%) 38 19 
Children 6 4 2 
Adults 51 34 17 
Total 150 96 54 


°4 patients with acute monocytic leukemia are classified as 
myelogenous. 
+Patients less than 15 years of age at the time of admis- 
sion to the Clinical Center are classified as children. 


TABLE 2 


CLASSIFICATION OF 25 PATIENTS WITH 
MENINGEAL LEUKEMIA 


Number of Sex 


Cell type patients Male Female 
Lymphocytic 23 20 3 
Children 21 19 2 
Adults 2 1 1 
Myelogenous 2 2 0 
Children 1 1 0 
Adults 1 1 0 
Total 25 22 3 
TABLE 3 
MAJOR SYMPTOMS OF MENINGEAL LEUKEMIA 
Number of 
Symptom patients Per cent 
Nausea and anorexia 23 92 
Lethargy 22 88 
Vomiting 21 84 
Headache® 14 56 
Convulsionst 14 56 
Coma ll 44 
Visual change ll 44 


*Could not be evaluated in 8 patients 
+Status epilepticus in 2 patients 


TABLE 4 
MAJOR SIGNS OF MENINGEAL LEUKEMIA 
Number of 

Sign patients Per cent 
Papilledema 16 64 
Tendon reflex changes 10 40 
Facial nerve palsy 9 36 
Positive Babinski 8 32 
Nuchal rigidity 7 28 
Pupillary changes 5 20 
Abducens nerve palsy 4 16 


RESULTS 

Clinical and laboratory data. The 25 pa- 
tients with meningeal leukemia are classified 
by age, sex, and morphologic type of leukemia 
in Table 2. The majority of the patients were 
male children with lymphocytic leukemia. To 
determine the significance of this distribution, 
the frequency of meningeal leukemia was ana- 
lyzed in the total population of 150 patients 
(Fig. 1). The syndrome was found to occur 
primarily in children with lymphocytic leu- 
kemia and was more frequent in males than 
females. 

The principal clinical findings in the 25 pa- 
tients with meningeal leukemia are recorded 
in Tables 3 and 4. Persistent nausea and vom- 
iting were the most common symptoms and 
were often initially interpreted as antimetabo- 
lite toxicity. Headaches were often severe, re- 
quiring narcotics for relief. In 8 young chil- 
dren, it was impossible to ascertain whether 
headaches were present. Unexplained lethargy 
with episodic irritability was a common early 
observation. Grand mal seizures, coma, and 
visual difficulties such as blurring and diplopia 
were often present. Numerous other neuro- 
logic symptoms such as ataxia, vertigo, and 
tinnitus occurred in an occasional patient. 
A 5-year-old boy with acute leukemia had 
marked hyperphagia, obesity, and destructive 
behavioral disturbances. The most frequent 
sign of meningeal leukemia was papilledema 
(Table 4). However, symptoms of increased 
intracranial pressure often preceded this find- 
ing by weeks. Abnormalities of the deep ten- 
don reflexes were common, and diffuse muscu- 
lar weakness was also frequently observed; 
2 patients became paraplegic. Sensory deficits 
were rare. Cranial nerve involvement was 
common. In addition to facial and abducens 
nerve palsies, unilateral oculomotor nerve pal- 
sies occurred in 2 patients, and, in three pa- 
tients, blindness developed after longstanding 
papilledema. Partial deafness was found in 2 
patients. Nuchal rigidity was infrequent and, 
when present, was mild. A positive Kernig’s 
sign was noted in only 1 patient. 

Of the 25 patients with meningeal leukemia, 
20 had a total of 59 examinations of the cere- 
brospinal fluid. Pressure greater than 150 mm. 
of water was present in 16 of the 18 patients 
in whom the measurement was made; 9 pa- 
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tients had pressures above 250 mm. of water, 
and 2 had pressures exceeding the limits of 
the manometer (600 mm.). Pleocytosis of 
mononuclear cells, predominantly lymphocytes, 
was found in 16 of the patients. The cell 
counts ranged from 26 to 11,000 per cubic 
millimeter. Examination of fresh preparations 
under the phase microscope in many instances 
permitted identification of the cells as abnor- 
mal, leukemic “blasts.” However, morphologic 
detail was not well preserved, and, frequently, 
the cells could only be classified as lympho- 
cytes. No correlation existed between the cere- 
brospinal fluid white counts and the periph- 
eral blood leukocyte counts. Protein levels ex- 
ceeded 45 mg. per cent in 4 cases, the highest 
value being 372 mg. per cent. Blood sugar 
concentrations in 2 patients were 81 mg. per 
cent and 70 mg. per cent, while spinal fluid 
sugar concentrations (Nelson-Somogyi) were 
9 mg. per cent and 25 mg. per cent, respective- 
ly; 4 more individuals had cerebrospinal fluid 
sugar levels between 40 to 50 mg. per cent, 
but these were considered normal because con- 
comitant blood sugar determinations were not 
made. Routine bacteriologic cultures of the 
cerebrospinal fluid were performed on 18 pa- 
tients and were all negative. Special cultures 
for viruses were done in 7 patients, for tuber- 
culosis in 4, and for fungi in 2; all of these 
were also negative. The cerebrospinal fluid of 
every patient examined demonstrated either in- 
creased pressure or an increased white cell 
count; 2 patients had pleocytosis without in- 
creased pressure, and 4 had only increased 
pressure. The remaining 14 patients had in- 
creases in both the pressure and cell count. 
Lumbar punctures were performed in 11 pa- 
tients with acute leukemia who did not have 
meningeal leukemia. In all 11, the cerebro- 
spinal fluid determinations were normal. Al- 
though several patients with increased pres- 
sure had multiple lumbar punctures, no com- 
plications were encountered. On 15 occasions, 
lumbar punctures were performed when the 
platelet counts were less than 10,000 per cubic 
millimeter but no bleeding problems devel- 
oped. 

All patients had skull roentgenograms taken. 
The most frequent abnormality found in the 
patients with meningeal leukemia was widened 
cranial sutures, which was seen in 16 of the 
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Fig. 1. All 150 patients were considered 
under cell type. Only the 93 patients with 
lymphocytic leukemia were analyzed for 
age, and only the 63 children with lympho- 
cytic leukemia were analyzed for the sex 
distribution of meningeal leukemia. 


17 children below age 11. None of the 8 pa- 
tients over age 11 had spread sutures. All ma- 
jor cranial sutures were usually involved, and, 
less frequently, recognized ones such as the 
sphenooccipital and squamoparietal were in- 
volved (Fig. 2). Increased digital markings 
were observed in 3 patients, 2 of whom did 
not have spread suture lines (Fig. 3). One 
adult had local erosion of the lesser wing of 
the sphenoid. Thinning of the dorsum sellae 


Fig. 2. Lateral skull roentgenogram taken 
soon after clinical onset of meningeal leu- 
kemia. Widening of the coronal, lambdoidal, 
squamoparietal, and sphenooccipital sutures 
is present. 
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Fig. 3. Lateral skull roentgenograms taken 
(top) on admission to the hospital (May 28, 
1956) and (bottom) two weeks before death 
(December 12, 1956). The digital markings 
are increased, and the dorsum sellae is 
thinned, without spread suture lines. 


was present in 2 children. No radiologic 
changes were found in 6 patients with menin- 
geal leukemia. The observation of spread su- 
ture lines on a routine skull roentgenogram 
was the initial objective evidence of meningeal 


leukemia in 5 patients. 
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Electroencephalograms were made in 21 of 
the 25 patients; 2 could not be evaluated be- 
cause the patients were receiving 6-azauracil 
therapy, which is known to produce electro- 
encephalographic changes.® Of the remaining 
19 patients, 17 had diffuse dysrhythmias and 
2 had focal abnormalities. The diffuse patterns 
were nonspecific theta and delta wave activity. 
The focal changes were also nonspecific. 

Relationship between meningeal leukemia 
and systemic acute leukemia. Meningeal leu- 
kemia was found to occur at any stage of the 
clinical course of acute leukemia: as an ini- 
tial manifestation, during an active phase after 
chemotherapy, and during complete or partial 
hematologic remission. Evidence of menin- 
geal leukemia was noted in 4 patients upon 
admission, before any therapy; 13 patients who 
had been treated previously were in an active 
hematologic phase of the disease. Of the re- 
maining 8 patients, 4 were in unequivocal 
complete hematologic remission with normal 
physical examinations, peripheral blood counts, 
and bone marrow aspirations. They remained 
in complete hematologic remission for three 
weeks, seven weeks, three months, and five 
months, respectively, while the meningeal leu- 
kemia persisted. Another 2 patients were in 
either partial or complete hematologic remis- 
sion at the onset of the neurologic syndrome. 
They had normal physical examinations and 
peripheral blood counts, but bone marrow as- 
piration was not performed. In both, bone 
marrow findings revealed relapse within two 
to three weeks after the appearance of menin- 
geal leukemia. The seventh patient had normal 
physical findings and peripheral blood counts 
but only a partial remission by bone marrow 
aspiration. Relapse occurred in two weeks. 
The last patient had a normal bone marrow 
when meningeal leukemia, leukemia cutis, and 
leukemic lymphadenopathy were present. He- 
matologic relapse followed in two weeks. 

The 8 patients who were in either partial 
or complete hematologic remission when me- 
ningeal leukemia appeared were all receiving 
antimetabolite therapy; 5 were receiving 6-MP 
and 3 were receiving 6-MP and Methotrexate. 
Thus, meningeal leukemia may develop dur- 
ing the daily administration of antimetabolites 
that successfully maintain a hematologic re 
mission. 
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Since 21 of the 25 patients with meningeal 
leukemia were children with lymphocytic leu- 
kemia, these children were compared with the 
42 children with lymphocytic leukemia who 
did not have meningeal involvement. The for- 
mer had a slightly shorter life span than the 
latter (Fig. 4). Life table comparisons of 
only the male children with and without me- 
ningeal leukemia, from the time of diagnosis 
of leukemia or from admission to the hospital, 
showed essentially the same curves. More- 
over, the frequency and extent of response to 
systemic chemotherapy was similar for chil- 
dren with and without meningeal leukemia. 

For the 21 children with lymphocytic leu- 
kemia who had meningeal leukemia, the me- 
dian time from the symptomatic onset of sys- 
temic leukemia to the onset of the meningeal 
syndrome was seven months, with a range 
of zero to nineteen months. The number of 
new cases of meningeal leukemia occurring 
during each month of the disease course was 
approximately the same. The median survival 
after onset of meningeal leukemia in the chil- 
dren with lymphocytic leukemia was three 
months, with a range of one-half to eleven 
months. This indicated that the appearance of 
meningeal leukemia was a poor prognostic 
sign. The survival from the onset of menin- 
geal leukemia in our 25 patients has been com- 
pared to the survival from relapse after remis- 
sion in 14 patients (12 children and 2 adults) 
with acute leukemia who relapsed from remis- 
sion on combination 6-MP and Methotrexate 
therapy* (Fig. 5). The 2 life table curves are 
very similar, suggesting that the appearance of 
meningeal leukemia has a prognostic signifi- 
cance similar to that of relapse from remission. 

Meningeal leukemia per se was seldom a 
cause of death. Only 2 of the patients died 
as a direct result of increased intracranial pres- 
sure; 2 of the 23 patients had terminal intra- 
cranial hemorrhages, and 2 died with bacterial 
meningitis. 

Response of meningeal leukemia to treat- 
ment. All 25 patients received antileukemic 
chemotherapy after the development of me- 
ningeal leukemia; 17 had no further hemato- 
logic remissions, while the remaining 8 ex- 
perienced 2 complete and 7 partial remissions. 
Concomitant neurologic improvement uncom- 
plicated by whole brain irradiation or intra- 
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MONTHS FROM FIRST SYMPTOMS 


Fig. 4. Survival of 63 children with acute 
lymphocytic leukemia. The 12.0 and 9.7 
months figures are the 50% survival times for 
each group. 


thecal Methotrexate occurred in 6 of these 8 
patients (Fig. 6). However, of the 17 patients 
who failed to achieve another remission, only 2 
demonstrated neurologic improvement, which 
in both was of short duration. Neurologic im- 
provement with systemic chemotherapy occurs 
primarily when a systemic remission occurs 
(P = <0.01). To evaluate which drugs were 
effective in the management of meningeal leu- 
kemia, only those compounds which had not 
previously been administered to a patient were 
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Meningeal Leukemia (25) 
o—~ Relapse on Therapy 
_No Meningeal Leukemia (/4) 


PERCENT OF PATIENTS SURVIVING 


MONTHS 


Fig. 5. Curve A is the life table of 14 pa- 
tients who relapsed from remission on com- 
bination 6-MP and Methotrexate therapy 
and starts at the time of relapse. Curve B 
is the life table of the 25 patients with 
meningeal leukemia and starts at the time of 
diagnosis of meningeal leukemia (B). The 
3.1 and 2.4 months figures are the respective 
50% survival times for each group. 
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=x 8 PATIENTS 17 PATIENTS the irradiation well, and the only side effect 
= 100 of note was temporary alopecia. 
- Intrathecal Methotrexate in single doses of 
E st q 2.5 mg. (0.2 mg. per kilogram), 2.6 mg. (0.4 
w Zz mg. per kilogram), 5 mg. (0.2 mg. per kilo- 
E £ gram), and 13 mg. (0.4 mg. per kilogram) was 
af sot r given to 4 patients with meningeal leukemia; 
5 = 3 had definite neurologic improvement, while 
Se $ 4 a the fourth died soon after treatment. The re- 
Ne is 12% sponses were very prompt with improvement 
evident within one to two days, but remissions 
= Zs : 1d lasted only three to six weeks. 
SYSTEMIC NO SYSTEMIC The evolution of meningeal leukemia and 
its response to therapy can be evaluated by 


Fig. 6. Effect of systemic chemotherapy on 
meningeal leukemia. Systemic remission 
means either a partial or complete hemato- 
logic remission. 


considered. Trials of antimetabolites given 
were Methotrexate, 8; 6-MP, 3; and combina- 
tion 6-MP and Methotrexate, 1; 2 (17%) of the 
12 trials resulted in an improvement of the 
meningeal leukemia, 1 with Methotrexate and 
1 with combination therapy. However, in nei- 
ther patient was this sustained neurologic re- 
mission. Of the 8 trials of corticosteroids, 5 
resulted in both hematologic remissions and 
sustained neurologic improvement. Clinical 
“cures” of meningeal leukemia were obtained 
with adrenal steroids in 2 patients. The differ- 
ence in the incidence of central nervous sys- 
tem response to antimetabolites and_ steroids 
is not statistically significant (P = 0.14). How- 
ever, the neurologic remissions with corticos- 
teroids were more frequent and more com- 
plete than those obtained with antimetabolites. 

Whole brain radiation therapy was admin- 
istered to 7 patients with meningeal leukemia. 
The dosage utilized was from 600 to 1,000 r 
over eight to thirteen days; 3 patients had 
good responses lasting two to three months, 
but 1 child improved for only one month. 
The response to whole brain irradiation in the 
remaining 3 patients could not be evaluated 
because they died within two weeks after com- 
pletion of therapy. Local radiation therapy 
was given to 3 other patients for cranial nerve 
involvement; 2 had good sustained responses, 
but the third died eight days after therapy and 
could not be evaluated. The patients tolerated 


periodic examination of the cerebrospinal fluid, 
electroencephalograms, and skull roentgeno- 
grams. In each of these parameters, return 
toward normal has been observed concomitant 
with clinical remission of meningeal leukemia. 


DISCUSSION 


The clinical syndrome of meningeal leu- 
kemia has increased in importance since the 
advent of effective antileukemic therapy. We 
have found 100 patients with the syndrome 
of meningeal leukemia reported before April 
1959.1°-*1 These patients are classified in 
Table 5. Over the seventy-year period before 
the availability of antileukemic chemotherapy 
(1878-1948), only 31 patients with this syn- 


TABLE 5 
CLASSIFICATION OF 100 PATIENTS WITH 
MENINGEAL LEUKEMIA REPORTED 

IN THE LITERATURE 


No chemo- Chemo- 

Classification therapy® therapyt Total 
Age 

Adults 23 6 29 

Children 8 63 71 
Sex 

Male 19 43 62 

Female ll 24 35 

Not stated 1 2 3 
Ty 


pe 
Acute lymphocytic 


10 49 59 
Acute “stem” 7 12 19 
Acute myelogenous 6 5 ll 
Acute monocytic 1 2 3 
Chronic lymphocytic 1 0 1 
Chronic myelogenous 3 0 3 
Uncertain 3 1 4 


*Patients who had meningeal leukemia after 1948 but who 
did not receive chemotherapy are classified under no 
chemotherapy. 


+Chemotherapy refers to folic acid ant ists, 6 pt 


purine, and corticosteroids or ACTH. — 
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drome were reported. In contrast, during the 
ten-year period after the introduction of chemo- 
therapy (1949-1959), 69 patients have been 
reported. It is apparent that the syndrome is 
being reported more often and probably is 
occurring more often. In patients who did not 
receive chemotherapy, meningeal-leukemia was 
reported more frequently in adults, while, in 
patients who received chemotherapy, the syn- 
drome was described predominantly in chil- 
dren. Thus, the increase of meningeal leukemia 
has occurred primarily in children, who as a 
group respond better to antileukemic therapy 
than do adults.*.5-6 Before chemotherapy, the 
median life span of children with acute leu- 
kemia was three to four months, but this has 
now increased to about twelve months in both 
our group (Fig. 4) and others.®?.* Of our 21 
children with meningeal leukemia, only 8 had 
the meningeal syndrome within four months of 
onset of leukemia. It would seem that the pro- 
longed survival of children with acute leu- 
kemia is at least in part responsible for the 
increased recognition of the syndrome of me- 
ningeal leukemia. 

Approximately one-third of our patients 
were in hematologic remission at the onset of 
signs and symptoms of meningeal leukemia. 
By including our 8 patients, we have been able 
to compile 44 case histories of meningeal leu- 
kemia occurring during partial or complete 
hematologic remission.**—3. 50-53, 57-61 The ma- 
jority of these patients were on antimetabolite 
therapy at this time. Although there are in- 
sufficient data now available, the studies which 
have so far been conducted on the cerebro- 
spinal fluid concentrations of 6-MP and the 
folic acid antagonists indicate poor crossing 
of the “blood-brain barrier” by these anti- 
metabolites, particularly the latter, when they 
are administered by the conventional daily oral 
Further pharmacologic in- 
vestigations on the crossing of the “blood- 
brain barrier” by these compounds must be 
performed before any definite conclusions can 
be reached, but it now appears that the failure 
of these agents to traverse this barrier may 
play a role in the development of meningeal 
leukemia. 

Meningeal leukemia occurs predominantly in 
patients with lymphocytic leukemia (Tables 
2 and 5). Other lymphocytic lymphomas not 


associated with leukemia can produce neuro- 
logic complications. While the majority of 
these complications result from spinal cord or 
nerve root compression by epidural tumors, 16 
descriptions of a clinical syndrome similar to 
meningeal leukemia have been found.?4-55.66-75 
The pathogenesis of meningeal leukemia 
relates to a diffuse leukemic cell infiltration 
of the arachnoid.! The infiltration results in 
increased fluid pressure and hydrocephalus 
involving all 4 ventricles symmetrically, ap- 
parently by interfering with the flow of cere- 
brospinal fluid. The neurologic abnormalities 
found in patients with meningeal leukemia are 
primarily a result of the increased cerebrospi- 
nal fluid pressure. On examination of the spinal 
fluid, specimens from virtually all of the pa- 
tients show increased pressure and pleocytosis 
of leukemic cells. The low cerebrospinal fluid 
sugar levels observed in patients with menin- 
geal leukemia may result from increased gly- 
colysis by the leukemic cells. A decrease in 
the cerebrospinal fluid sugar level after in vitro 
incubation with leukemic cells has been de- 
scribed in 2 separate reports.**-5? However, 
Goldring and Harford™® suggest that alterations 
in the “blood-brain barrier” may decrease the 
diffusion of glucose across this membrane and 
result in low cerebrospinal fluid sugar levels. 
The characteristic radiologic finding in pa- 
tients with meningeal leukemia is spreading 
of the cranial sutures. Because of the anatomic 
fusion of the suture lines which occurs dur- 
ing adolescence, this feature is rarely seen in 
adults.77 The importance of skull roentgeno- 
grams is illustrated by the fact that, in 5 of 
our children, spread suture lines appeared 
before any definite clinical changes indicative 
of increased intracranial pressure were noted. 
Hitzig and Siebenmann™* have reported 2 chil- 
dren with acute leukemia and spread cranial 
suture lines. They attributed this finding to 
leukemic infiltration of the suture lines. We 
have examined microscopically the suture lines 
in a patient who demonstrated radiographic 
separation during life; no infiltrations were 
found. Moreover, the rapidity with which su- 
ture dehiscence develops and its excellent cor- 
relation with papilledema and increased spinal 
fluid pressure in our series and others**-® sug- 
gest that spreading of the suture lines in pa- 
tients with meningeal leukemia also results pri- 
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marily from elevation of the cerebrospinal fluid 
pressure. 

The patient who had striking hyperphagia, 
pathologic weight gain, and behavioral disturb- 
ances was found at necropsy to have massive 
leukemic infiltration of the hypothalamus. Since 
1954, 12 other cases of hyperphagia and marked 
obesity in association with meningeal leukemia 
have been described.37-38.42.43,53,56,59-61 These 
patients, as well as our patient, had received 
chemotherapy, but only 5 had received cor- 
ticosteroids when the obesity began to appear. 
Thus, it is not possible to incriminate corti- 
costeroid therapy in the etiology of this syn- 
drome; 4 of the patients had normal urinary 
17-ketosteroid determinations. In 6 of the 12 
previous cases, autopsies were performed, and 
hypothalamic and/or pituitary infiltration was 
found in each instance. Thus, meningeal leu- 
kemia may be associated with a “hypothalamic 
syndrome” that is most likely due to leukemic 
infiltration of this area. Finally, 2 cases of 
diabetes insipidus, apparently related to in- 
filtration of the posterior pituitary and/or hy- 
pothalamus, have also been reported.**-+° 

Meningeal leukemia must be differentiated 
from other disorders that cause gastrointes- 
tinal or central nervous system symptoms. The 
nausea and vomiting resulting from meningeal 
leukemia may be incorrectly attributed to an- 
timetabolite toxicity, while the meningeal signs 
may be attributed to meningitis, hemorrhage, 
or tumor. For patients known to have acute 
leukemia, meningeal leukemia is presently the 
commonest cause of meningeal signs and in- 
creased intracranial pressure. However, me- 
ningeal leukemia may be the presenting symp- 
tom of acute leukemia. Including our 4, 33 
patients have now been described who pre- 
sented with neurologic signs as the first evi- 
dence of leukemia,!!-14. 21-35, 44-47, 54,60 and 8 
of these 33 had no hematologic evidence of 
leukemia for several weeks to months after 
hospitalization. The diagnosis of meningeal 
leukemia is confirmed by the cerebrospinal 
fluid findings of increased pressure, pleocyto- 
sis of leukemic cells, and negative cultures. 

Systemic chemotherapy, whole brain irra- 
diation, and intrathecal Methotrexate are now 
being used in the treatment of meningeal leu- 
kemia. Systemic chemotherapy may be bene- 
ficial if a hematologic remission develops (Fig. 


6). Although antimetabolites may improve the 
neurologic status of an occasional patient, 
these compounds, in general, are not effective 
in the management of this disorder. We have 
been impressed with the improvement of 
meningeal leukemia when corticosteroids are 
used. Sullivan®* has also commented on the 
favorable responses to corticosteroids. We 
have been unable to find any direct measure- 
ment of corticoid levels in the cerebrospinal 
fluid. However, the fact that corticosteroids 
are able to resolve the leptomeningeal in- 
flammation of tuberculous meningitis’? and 
tale-induced reactions*® provides indirect evi- 
dence that they do reach this area. Adrenal 
corticoids are easily administered and provide 
a prompt neurologic improvement when one 
occurs. Whoie brain irradiation is an effective 
and easy means of ‘veating meningeal leuke- 
mia. Using 500 to 1,000 r doses, improvement 
occurs in about 75% of patients, with beneficial 
effects usually apparent in two weeks.** Re- 
currences of meningeal leukemia may some- 
times be successfully managed by a second 
course of whole brain irradiation, but resist- 
ance often appears.®* Pathologic studies have 
shown that meningeal infiltrations occur around 
the spinal cord as well as the brain.! Whole 
brain irradiation may spare the leukemic cells 
along the spinal cord, which may then repopu- 
late the central meninges. Irradiation of both 
the brain and cord has not been attempted to 
our knowledge, but it is a potentially haz- 
ardous undertaking because of severe bone 
marrow depression which may follow. In 
addition, temporary alopecia is an undesirable 
side effect of whole brain irradiation. Intra- 
thecal Methotrexate is an effective means of 
treating meningeal leukemia and may be bene- 
ficial in the face of hematologic Methotrexate 
resistance. Intrathecal Methotrexate is easily 
administered, does not produce untoward neu- 
rologic side effects, and is very prompt in its 
action. Other authors®*-®° have also observed 
good improvements in meningeal leukemia 
with this technic. The beneficial effects last 
about four to six weeks. In an individual with 
meningeal leukemia, the following treatment 
program now seems logical: 

A four-week course of corticosteroids in high 
doses should be the initial choice, if they have 
not been previously administered. Should fur- 
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ther therapy be necessary, whole brain irra- 
diation or intrathecal Methotrexate may next 
be employed. Intrathecal hydrocortisone has 
been used in patients with multiple sclerosis*! 
and in one child with meningeal leukemia.*° 
This route of administration might be more 
effective in the management of meningeal leu- 
kemia. No reports are available on the use of 
intrathecal 6-MP, which might also be of po- 
tential benefit. 


SUMMARY 


Meningeal leukemia is a clinical syndrome 
resulting from increased intracranial pressure 
in patients with acute leukemia. This syndrome 
has been noted in 25 (16.7%) of 150 patients 
with acute leukemia admitted consecutively to 
our service. The clinical syndrome consists of 
nausea and vomiting, lethargy, headaches, con- 
vulsions, papilledema, cranial nerve palsies, 
and nonspecific neurologic signs. The skull 
suture lines are usually spread in children, and 
the electroencephalogram shows diffuse theta 
and delta wave activity. The spinal fluid dem- 
onstrates increased pressure, pleocytosis of 
leukemic cells, and negative cultures. Elevated 
protein concentrations and decreased sugar 
concentrations may also be found in the cere- 
brospinal fluid. 

Any patient with acute leukemia may have 
this syndrome, but it is primarily a complica- 
tion of acute lymphocytic leukemia in chil- 
dren. Meningeal leukemia may occur at any 
stage of the disease: as an initial manifestation, 


during hematologic remission, or during an 
active leukemic phase; 8 of our patients were 
in hematologic remission when this syndrome 
developed. Although meningeal leukemia is 
seldom fatal, it is associated with a high mor- 
bidity. The life span of children with menin- 
geal leukemia is slightly shorter than that of 
children without this complication. The ap- 
pearance of meningeal leukemia is a poor prog- 
nostic sign and is indicative of relapse, regard- 
less of the hematologic status. 

Meningeal leukemia is occurring more fre- 
quently since the advent of antileukemic ther- 
apy. This increase is in part related to the abil- 
ity of the antimetabolite to prolong the life 
span of patients, particularly children, with 
acute leukemia. It is possible that the failure 
of the antimetabolites to cross the “blood-brain 
barrier” may also play a role in the genesis of 
meningeal leukemia. 

Meningeal leukemia may be treated with ad- 
renal steroids administered systemically, whole 
brain irradiation, or intrathecal Methotrexate. 
The advantages and hazards of these forms of 
therapy are discussed. 


Several staff members of the National Institute of Neuro- 
logical Diseases and Blindness, particularly Dr. Gunter 
Haase, assisted us with consultations. Dr. George Brecher 
examined the bone marrow aspirations and aided with the 
supravital microscopy of the spinal fluid. Dr. Theodore 
Hilbish and Dr. Kristoff Abraham, respectively, reviewed 
the skull roentgenograms and the electroencephalograms 
with us. Miss Joan Gurian performed the statistical 
analyses. Dr. Emil Frei III and Dr. Charles G. Zubrod 
offered helpful suggestions during the preparation of this 
manuscript. 
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Cervical disk protrusions with 


compression ot the spinal cord 


Report of a case 


Olle Héék, M.D., Hans Lidvall, M.D., and 
Karl-Erik Astrém, M.D. 


DuRING THE last decade, it has been realized 
that many cases of spastic paraplegia in the 
elderly are caused by cervical spondylosis with 
protrusion of the intervertebral disks.‘-* Only 
a few reports** have dealt with postmortem 
examinations of the vertebral column 
spinal cord, however. 

The present case seems to merit description, 
since the patient was under observation for a 
number of years and was subjected to elabor- 
ate neurologic examinations including myelog- 
raphy and studies of the pressure of the cere- 
brospinal fluid with a special technic.§ The 
postmortem examination included angiography 
of the vertebral arteries. 


and 


CASE REPORT 


First admission. (Serafimerlasarettet, Depart- 
ment of Neurology, case record 130/1954) A 
62-year-old male teacher entered the hospital 
because of general fatigue and impaired 
strength in the right leg for nine months and 
a sense of cold, numbness, and stiffness in both 
hands for four months before admission. He 
had found it difficult to handle small objects 
and needed an increasingly longer time in the 
morning to dress and go to his work. He had 
been mentally depressed for several years but 
was otherwise well until the onset of his dis- 
ability. 

Physical examination showed the patient to 
be well nourished and in no acute distress. 
Neurologic examination showed him to be 
somewhat depressed but alert, cooperative, and 
well oriented. Slight weakness was noted in 
both hands and the right leg. Sensibility to 
light touch, pinprick, and temperature was 
impaired in both hands, and sensibility to posi- 
tion and vibration was slightly impaired in 
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fingers and toes. Muscle reflexes were increased 
in the legs. The plantar reflex was extensor, 
and finger flexor jerks and ankle clonus were 
noted bilaterally. It was difficult for the pa- 
tient to perform fine finger movements such 
as buttoning his coat. 

Histamine-fast gastric achlorhydria was 
found but no anemia. The mean corpuscular 
volume was normal, as were the results of a 
sternal marrow examination. The blood vita- 
min Bj. content was normal. Roentgenograms 
of the cervical spinal column revealed that 
disks C5-6 and C6-7 were considerably reduced 
in height and that large bony ridges on the 
edges of the corresponding vertebral bodies 
reduced the width of some of the vertebral 
foramina considerably (Figs. 1 and 2). Myelog- 
raphy after injections of 0, into the subarach- 
noid space through cisternal puncture dem- 
onstrated large protrusions from disks C5-6 
and C6-7, which reached the ventral surface 
of the spinal cord, and smaller protrusions 
from disks C3-4, C4-5, L3-4, and L4-5. The 
diameter of the vertebral canal was reduced; 
the anteroposterior diameter measured 15 mm. 
at C4. The cerebrospinal fluid pressure was 
measured and recorded simultaneously at cis- 
ternal and lumbar levels before and after 
compression of the jugular veins, the head 
being slightly flexed. No block could be dem- 
onstrated, and the composition of the cerebro- 
spinal fluid was normal at both levels (Fig. 3). 

The diagnosis was cervical myelopathy due 
to protrusion of intervertebral disks. No oper- 
ation was deemed necessary at that time. 


From the Department of Neurology, Serafimerlasarettet, 
and the Department of Pathology, Sabbatsbergs sjukhus, 
Stockholm. 


CERVICAL DISK 


Second admission. (Serafimerlasarettet De- 
partment of Neurology, case record 385/1958) 
During the intervening four and a quarter 
years, the symptoms had gradually worsened 
without any remissions. The patient was bed- 
ridden during the last months, partly because 
of his mental depression. He had become con- 
stipated, but micturition was normal. He had 
had no pains in his arms and legs. Neurologic 
examination showed that the spastic paraplegia 
had increased; he was now unable to walk 
without support on both sides. The strength 
in the arms and hands was much better pre- 
served. The small muscles in both hands were 
slightly wasted. Sensibility to touch, pain, heat, 
and cold was somewhat impaired in the hands 
and feet, as was sensibility to position and 
vibration in the fingers and toes. After lumbar 
puncture, the cerebrospinal fluid pressure was 
measured and recorded with an electromanom- 
eter and mingograph (Elema, Sweden). Com- 
pression of the jugular veins with the help of 
a sphygmomanometer cuff around the neck 
showed that a complete block ensued when 
the neck was slightly extended (Fig. 4). 

The patient died suddenly two weeks after 
he had entered the hospital. 


PATHOLOGIC EXAMINATION 


The general autopsy revealed that the im- 
mediate cause of death was pulmonary emboli 
and a fresh myocardial infarction. 

Angiographic study of the vertebral arteries 
was performed after ligation of the cranial part 
of the basilar artery (Fig. 5). The vertebral 
artery had been curved and displaced laterally 
at disks C5-6 and C6-7 on the right and at 
C5-6 on the left. The lumen was reduced dor- 
soventrally to about half at 2 places. 

A part of the posterior fossa and cervical 
and upper thoracic spine with the enclosed 
spinal cord and roots were removed in toto? 
and kept in formalin. The remainder of the 
spinal cord was taken out separately. 

Gross examination. Dissection of the speci- 
men revealed pronounced cervical spondylosis. 
Vertebrae C5 and C6 were compressed and 
low, and vertebrae Cl through C4 were dis- 
placed posteriorly in relation to the remainder 
of the cervical spine, which therefore assumed 
the shape of a bayonet. A vertical line through 
the ventral aspects of disks C5-6 and C6-7 was 
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Fig. 1. Radiograph of cervical spine, lateral 
view, 1954. Narrowing of intervertebral disk 
spaces C5-6 and C6-7. Osteophytes on edges 
of their vertebral bodies 


Fig. 2. Radiograph of cervical spine, oblique 
view, 1954, shows narrowing of interverte- 
bral foramina 
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Fig. 3 Cerebrospinal fluid dynamics, first ad- 
mission, 1954. Mechanical recordings ad 
modum Antoni and Lagergren. No block 
demonstrated. [A] Respiration. [B] Pressure 
of cerebrospinal fluid in cisterna magna. [C] 
Pressure of cerebrospinal fluid in lumbar re- 
gion. Patient’s head bent slightly forward. 
Arrows indicate in- and cusulliation of air in 
cuff around the neck. 


situated about 8mm. anterior to a correspond- 
ing line through the more cranial disks. Pro- 
trusions of the disks were seen between most 
vertebrae, especially C5-6 and C6-7, where 
prominent fibrotic, and occasionally bony, ele- 
vations had been formed on all sides (Fig. 6), 
producing transverse ridges across the anterior 
wall of the vertebral canal. The anteroposterior 
diameter of the canal was diminished there, 
and the lumen of the intervertebral foramina 
was reduced to about one-fifth. Small protru- 
sions were found elsewhere in the cervical 
spine, but the intervertebral foramina and 
spinal canal were not reduced in size. A 
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rounded nodular protrusion was seen on the 
right dorsolateral aspect of disk T1-2, which 
reduced the diameter of the canal and had 
the appearance of a local posterior nuclear 
displacement. The vertebral arteries were in 
contact with the laterally protruding disks in 
several places, especially at C5-6 and C6-7, 
where the vessel had been displaced laterally 
and partly obstructed. Large apophyseal osteo- 
phytes were seen, particularly on the right 
side of C2 through C5. 

The root pouches, ganglia, and dural sheaths 
of the roots were covered by a layer of con- 
nective tissue, which adhered to the walls of 
the intervertebral foramina and ventrally to the 
adventitia of the vertebral artery. The duro- 
radicular junctions were usually not smoothly 
curved but sharpened, because of fibrosis 
around the root pouch.® The radicular nerves 
of C5 through C8 were outwardly or upwardly 
directed, the root filaments being angulated 
at the root ostia. 

The spinal cord was flattened and showed 
indentations corresponding to the dorsally pro- 
truding disks. It was considerably reduced in 
bulk at segment C7, which was in apposition 
to the large transverse dorsal protrusion of the 
intervertebral disk of C5-6 (Fig. 7). Division 
of the cord into segments showed that the 
lower part of segment C6 and the cranial part 
of C7 were compressed anteroposteriorly and 
deformed, especially on the right side. The 


middle part of C7 was larger but very soft. 


Fig. 4. Cerebrospinal fluid dynamics, second admission, 1958. Recordings of cerebrospinal fluid 

pressure in lumbar region with electromanometer and mingograph. Arrows indicate in- and ex- 

suffation of sphygmomanometer cuff around the neck. Duration of compression, ten seconds, 

There was complete block when the head was extended [C] but communication when it was in 

normal — [A] or flexed [B]. The three curves for the different positions of the head indi- 
e 


cate di 


rent pressure in the cuff: 60, 75, and 140 mm. Hg respectively. 
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Fig. 5. Postmortem vertebral angiogram. The 
arteries are displaced laterally at C5-6 and 
C6-7 on the right and at C5-6 on the left. 


Small rounded cavities were found in the dor- 
sal horns of the lower C7 and upper C8 seg- 
ments, which corresponded to disk C6-7. 

Microscopic examination. Pieces of different 
segments of the spinal cord, roots, ganglia, 
root pouches of the dura, and the brain stem 
were embedded in paraffin and celloidin or 
frozen and stained according to standard neu- 
ropathologic methods. 

Severe destruction was found in the lower 
C6 and upper C7 segments, especially on the 
right side, where the lateral funiculus, root 
entry zone, and major part of the gray matter 
had been softened and severely deformed 
(Fig. 8C). Softening was also noted in the left 
root entry zone, posterior horn, and lateroven- 
tral part of the left anterior horn. Except for 
a few motoneurons in the ventromedian group 
and occasional ischemic cells in the intermedi- 
ate groups, no neurons were seen in the gray 
matter on either side. Very few transversing 
myelinated fibers were seen in the gray matter 
on the right side, although they were rather 
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Fig. 6. Anterior surface of cervical canal 
after laminectomy and removal of spinal 
cord. Vertebral arteries filled with radio- 
paque material. Dorsal protrusion of disk 
C5-6 forms a transverse bar. Smaller dorso- 
lateral protrusion on the right side of C7-T1 


well preserved on the left side, as was the 
white commissure bilaterally. Severe loss of 
myelinated fibers was seen in the right lateral 
funiculus and in the deep and lateral parts of 
both posterior funiculi. Many fibers had been 
destroyed in the left lateral funiculus also, 
while the anterior funiculi were relatively best 
preserved. The softened regions contained 
large numbers of macrophages, whereas there 
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Fig. 7. Anterior surface of cervical cord with 
meninges and roots. Transverse indentation 
caused by protrusion of disk C5-6. Root 
sleeve fibrosis 


was rather cell-poor astrogliotic scar tissue in 
the solid regions of destruction. The arachnoid 
membrane was thickened and adhered to the 
pia on the dorsolateral aspect on the right side. 
A few round cells and pigment-filled macro- 
phages were noted in the subarachnoid space. 
The walls of the blood vessels were thickened 
everywhere, mainly because of an increase of 
the adventitia, but all were patent. The veins 
were numerous, dilated, and prominent within 
the areas of destruction. 

The lower part of the C7 and the upper part 
of the C8 segment showed only moderate com- 
pression of the right half but were neverthe- 


less severely affected (Fig. 8D). The inter- 
mediate regions of the gray matter had been 
replaced by cell-poor, loose, astrogliotic tissue 
that contained rare ischemic neurons. The 
posterior part of the segment contained 2 sym- 
metrically situated cavities that occupied the 
posterior horns and the adjacent regions of the 
posterior and lateral columns. The ventral and 
medial parts of the anterior horns were com- 
paratively well preserved and contained a 
number of unimpaired motoneurons. There 
was a heavy loss of mylinated fibers in the 
posterior and lateral funiculi, and the proprio- 
spinal fibers close to the ventral horns had 
also degenerated. Many macrophages and as- 
trocytes were found within the affected regions 
in the posterior horns and posterior funiculi 
in contrast to the cell-poor tissue in the inter- 
mediate regions of the gray matter. Extensive 
descending degeneration was seen in the 
lateral funiculi of the Tl and T2 segments, 
especially on the right side, and some fibers 
had also disappeared in the interfascicular 
and septomarginal fasciculi of the posterior 
funiculi. Descending degeneration in a de- 
creasing degree could be followed in the 
lateral funiculi down to the lowest lumbar seg- 
ments (Fig. 8E and F). The gray matter was 
unaffected everywhere except in the lower 
cervical cord as described above. 

Ascending degeneration and compensatory 
astrocytosis were noted in the posterior and 
lateral funiculi from the C5 segment upward 
(Fig. 8A and B). The zone of degenerated 
fibers in the posterior funiculi shifted medially 
due to the consecutive addition of normal ele- 
ments from the upper cervical roots. 

Most fibers in the C7 roots had been de- 
stroyed and were replaced by fibrous tissue. 
Many nerve cells had disappeared in the cor- 
responding ganglia. The fibers were much 
better preserved in the C6, C8, and T1 roots, 
even though a number of nerve cells in their 
ganglia were lacking. 

No signs of disease were found elsewhere 
in the central nervous system. 


DISCUSSION 

The clinical diagnosis of cervical myelop- 
athy due to intervertebral disk protrusions was 
based upon the history, signs, symptoms, and 
roentgenograms, including myelograms. Sub- 
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Fig. 8. Transverse Sections of 
Spinal Cord at Different Levels 
(Loyez myelin stain x 16) 


C3, upper part, showing ascending degener- 

ations in posterior and lateral columns ; ; 
C6, upper part, showing ascending degener- 
ations in dorsal and lateral funiculi 


C7, upper part, showing severe destruction 
and compression of the spinal cord at the 
level of the protruding disk C5-6 


C7, lower part, showing severe degeneration 
of gray matter and adjacent parts of white 
matter. Cavity is seen in one dorsal horn. 
Sections from C8 showed cavities in both 
dorsal horns. 


T2, showing moderate descending degener- - 
ation in lateral funiculi 


acute combined degeneration had been ex- 
cluded by the normal blood and sternal mar- 
row tests and a normal blood B,, content. The 
diagnosis was confirmed by the postmortem 
examination, which showed that the basic dis- 
order was severe cervical spondylosis. 


L5, showing slight descending degeneration 
in dorsal part of lateral funiculi 
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The signs, symptoms, and history of a pro- 
gressing disability is in accordance with other 
reports on this condition.'-*.!° The patient had 
no pains in the arms or other clear-cut signs 
of cervical root compression,® which is in 
agreement with the lack of degeneration in 
the root fibers. This is remarkable in view of 
the diminution of several of the intervertebral 
foramina and the fibrosis of the corresponding 
root sleeves, but other observers! have made 
similar observations in cases of severe cervical 
spondylosis. 

The damaged region comprised the main 
part of the gray substance, root entry zones, 
and large parts of the lateral and posterior 
funiculi. The shape of the lesion was similar 
to that in other reported cases,!:+-* which in- 
dicates the action of some consonant patho- 
genic factors. It must have been of major im- 
portance, of course, that the limited necrosis 
in the lower C6 through 8 segments was in 
apposition to the dorsally protruding disks of 
C5-6 and C6-7. The exact mechanism is still 
a matter for conjecture, although the histologic 
appearance of the lesion in transverse sections 
clearly indicates the role of vascular factors.5 
We do not believe, however, that obstruction 
of branches from the anterior spinal artery 
alone can account for the whole destruction, 
as stated by Mair and Druckman,® for the 
following reasons: 

The lesion did not extend longitudinally 
above or below the protruded disks, as should 
have occurred, and the damaged area must 
have received blood from branches of both the 
anterior and posterior spinal arteries according 
to the studies of Kadyi,’’ Herren and Alex- 
ander,!2 and Suh and Alexander.1* The de- 
tailed and excellent monograph of Kadyi 
clearly states that the anterior spinal artery 
supplies mainly the gray matter, that its 
branches never reach the periphery, that there 
is a border zone comprising gray and white 
matter, which receives capillaries from both 
the peripheral and anterior spinal arteries, and, 
finally, that the root entry zone and apex of 
the posterior horn exclusively receive branches 
from the posterior spinal artery. 

The lesion was not uniform but made up of 
smaller areas of different ages and types of 
ischemic necrosis; there was no uniform lique- 
faction necrosis such as that seen after throm- 


bosis of the anterior spinal artery.1*—!® Further- 
more, all the blood vessels were patent and 
did not show any signs of recent or previous 
thrombosis. We conclude, therefore, that the 
lesion was due to successive and temporary 
occlusion of different branches, mainly from 
the anterior spinal artery but also, in part, 
from the peripheral arteries. The basic cause 
of compression of the blood vessels was the 
dorsal protrusion of the intervertebral disks 
with concomitant decrease of the anteropos- 
terior diameter of the vertebral canal.7 Ante- 
rior fixation of the spinal cord to the dentate 
ligament was probably an important subsidiary 
factor. 

The bulging and the partial obstruction of 
the vertebral arteries were due to the lateral 
protrusion of disks C5-6 and C6-7.'7-18 It is 
possible that ischemia of the spinal cord was 
increased thereby. 

The blocking of the subarachnoid space 
when the head was extended might have been 
caused by bulging of the ligamentum flavum.!* 
It is conceivable that the spinal cord, with its 
arteries, could be compressed and traumatized 
between a fold of this ligament and the promi- 
nent edges of the dorsally protruding disks. 
This and other similar cases of cervical disk 
protrusion (to be reported separately) have 
convinced us of the necessity of performing 
Queckenstedt’s test with the patient’s head in 
different positions.?° 


SUMMARY 


Cervical myelopathy due to spondylosis with 
disk protrusions in a 62-year-old man is de- 
scribed. The case was followed more than four 
years, and the examinations included myelo- 
grams and recordings of the cerebrospinal fluid 
pressure with the head in different positions. 
There was a complete spinal block when the 
head was extended. 

It is concluded that the mechanism of pro- 
ducing damage to the spinal cord was prob- 
ably due to successive and temporary occlu- 
sion of different arterial branches, mainly from 
the anterior spinal artery but, also, in part, 
from the peripheral arteries. The basic cause 
of compression of the blood vessels was prob- 
ably the dorsal protrusion of the intervertebral 
disks with concomitant decrease of the antero- 

posterior diameter of the vertebral canal. 
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Adrenocortical function in epilepsy 


I. The role of cortisol (hydrocortisone) in the mechanism 
and management of seizures 


Patrick F. Bray, M.D., Robert S. Ely, M.D., 
Gerardo Zapata, M.D., and Vincent C. Kelley, M.D., Ph.D. 


CERTAIN CLINICAL and experimental observa- 
tions indicate that adrenocortical hormones 
have an influence on various functions of the 
central nervous system. Mental disturbances, 
electroencephalographic abnormalities, intra- 
cranial hypertension, and convulsions reflect 
alterations in adrenocortical function and occur 
with either a lack or an excess of hormones 
produced by the adrenal cortex. Hartman, 
Beck, and Thorn!:? have called attention to the 
occurrence of mental disturbances in patients 
with Addison’s disease and pointed out that 
the administration of adrenocortical extract 
alleviated these symptoms. In patients with 
rheumatoid arthritis being treated with corti- 
sone, changes in mood and mentation*-+ have 
been produced. These altered mental states 
can be reversed by discontinuing the medica- 
tion. When ACTH, cortisone, or hydrocortisone 
is given therapeutically or experimentally, elec- 
troencephalographic abnormalities can occur.57 
Hypoadrenocorticism, as it occurs in patients 
with Addison’s disease, has been associated 
with electroencephalograms that have abnor- 
mally slow frequencies. Several groups have 
reported such findings,*-'® and one group!? 
demonstrated that adrenocortical extract re- 
stored normal brain wave patterns, whereas 
DCA failed to produce this effect. 

Increased intracranial pressure complicating 
steroid therapy has been noted by a number of 
observers,'! including the authors. The patho- 
genesis of this pressure is not clear, but it 
seems to be directly related to hormone thera- 
py rather than to the underlying disease be- 
cause the intracranial hypertension clears upon 
withdrawal of steroids. 

Convulsions, even status epilepticus, may 
occur in patients receiving cortisone!*:!* and 
ACTH.'* ACTH has been shown to have little 
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effect on the seizure threshold in rats,!> where- 
as cortisone and cortisol cause significant low- 
ering of electroshock threshold'® (an increased 
susceptibility to seizures). Conversely, DCA 
produced an appreciable elevation of electro- 
shock threshold'* (a diminished susceptibility 
to seizures). McQuarrie, Anderson, and Zieg- 
ler'® reported that DCA was therapeutically 
useful in two patients with epilepsy, and simi- 
lar results were reported by Aird and Gor- 
don.'* The treatment of seizures with ACTH 
and cortisone has been attempted,?°-*? but 
these drugs have never become established 
anticonvulsants. 

Since Dilantin is generally conceded to be 
one of the most effective anticonvulsants in 
use, its mode of action has been widely stud- 
ied. Some have wondered whether its effect 
has been linked with the pituitary-adrenal sys- 
tem. Woodbury** found that Dilantin causes 
hypertrophy of the adrenal gland in rats, sug- 
gesting a hyperfunctioning gland. At that time, 
changes in adrenal gland weight in animals 
was considered a good method for assaying the 
effect of a drug on the pituitary-adrenal sys- 
tem.** This stimulated Bray, Ely, and Kelley”® 
to study the blood adrenal hormone concen- 
trations in a small group of epileptic children. 
In these patients, the plasma 17-hydroxycor- 
ticosteroid levels were normal, but it was found 
that the Dilantin-treated epileptic children re- 
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sponded less well to an ACTH stimulus than 
did those in the other groups studied. Christy 
and Hofmann?* confirmed this finding in the 
children they studied but noted normal ACTH 
responsiveness in adults. Several groups of 
workers**-*° have studied urinary excretion of 
17-ketosteroids and corticoids in epileptic pa- 
tients and other patients receiving electroshock 
therapy. Although considerable individual var- 
iation has been noted, in general, the excre- 
tion of 17-ketosteroids and reducing corticoids 
has been lower than normal. In one of these 
studies,*° this decreased output of 17-keto- 
steroids and corticoids was attributed to Dilan- 
tin rather than to the influence of epilepsy. 

From these various clinical observations, one 
can say that biologically active adrenal hor- 
mones are important in maintaining homeosta- 
sis of the central nervous system, although the 
mode of their action is obscure. In an effort 
to determine whether the functional state of 
the pituitary-adrenal system is an important 
clinical factor in either the mechanism or the 
management of epilepsy, a comprehensive in- 
vestigation of adrenocortical function and the 
metabolism of adrenal steroids in patients with 
this disorder has been undertaken. In this in- 
vestigation, laboratory methods that directly 
measure the concentration of adrenal hormones 
in the blood and urine have been employed. 

Basic outline of adrenal steroid function. The 
adrenal steroids have two basic actions, either 
a glucocorticoid or a mineralocorticoid effect. 
Hydrocortisone (hereafter referred to as cor- 
tisol for the sake of chemical correctness) and 
cortisone primarily affect the metabolism of 
certain organic compounds, the so-called gluco- 
corticoid effect. Aldosterone and DCA strongly 
influence the metabolism of certain inorganic 
compounds, the so-called mineralocorticoid ef- 
fect. Cortisol, aldosterone, and corticosterone 
are the principal hormones produced by the 
human adrenal cortex. Cortisone and DCA, 
although functionally important, are synthetic 
products. 

Outline of study program. At the time this 
study was begun, technics were available for 
quantitating cortisol and corticosterone in plas- 
ma. Furthermore, since these are the two ad- 
renal hormones present in the highest concen- 
tration in human blood, attention was focused 
on them. 


The present report is concerned with the 
initial phase of this study, an attempt to eval- 
uate the production and “metabolism” of cor- 
tisol in treated and untreated epileptic patients. 
The technics employed are not specific for 
cortisol but measure all 17-hydroxycorticos- 
teroids (17-OHCS). These studies include de- 
termination of [1] plasma levels of 17-OHCS, 
[2] the response of plasma levels of 17-OHCS 
to an ACTH stimulus, [3] the in vivo half life 
of cortisol (measured as 17-OHCS), and [4] 
urinary excretion of 17-OHCS. 

The data on the “metabolism” of corticos- 
terone will be published in a later paper. 


MATERIALS AND METHODS 


The study group of epileptic patients was 
divided into 3 categories: 29 Dilantin-treated 
patients, 6 phenobarbital-treated patients, and 
12 untreated patients. All of these patients 
were residents of the Utah State Training 
School, and all were mentally retarded. Of 
the 47 patients, 10 had spastic cerebral palsy; 
the incidence of spasticity was similar in each 
group. All of the patients had grand mal sei- 
zures, and some had focal motor or psycho- 
motor episodes; none had petit mal epilepsy. 
The patients were not classified neurologically 
in any greater detail. Patients ranged in age 
from 4 to 49 years, but the majority were in 
the second, third, and fourth decades of life. 
The 3 groups studied included 32 females and 
15 males, and the sex ratio was similar in each 
of the groups. 

Plasma samples were separated by centri- 
fugation and stored in a freezer until used for 
analysis. Plasma 17-OHCS concentrations were 
determined by the method of Nelson and Sam- 
uels*! as modified by Eik-Nes, Nelson, and 
Samuels.8* The response of plasma 17-OHCS 
concentration to ACTH also was studied in 
most patients. A single intravenous injection 
of ACTH, 0.2 international units per kilogram, 
was given after a control blood specimen had 
been obtained. One hour later, another blood 
sample was obtained and the difference be- 
tween the plasma 17-OHCS concentrations in 
these 2 samples was taken as the “17-OHCS 
response to ACTH.” 

For determination of the half life of cor- 
tisol, the steroid (free alcohol), commercially 
prepared in a 0.5% solution in 50% ethanol 
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TABLE 1 
COMPARISON OF EPILEPTIC AND NORMAL SUBJECTS 


Plasma 17-OHCS concentration 


17-OHCS response to ACTH® 


(ug. %o) (ug. %) 

Group Number Mean SEM P Number Mean SEM P 
Controls 160 11.0 0.5 — 25 14.4 19 — 
Untreated epileptics 9 15.0 44 >0.1 5 17 4.9 >0.1 
Dilantin-treated 

epileptics 33 15.4 3.8 >0.1 14 14.2 3.3 >0.1 
Phenobarbital-treated 

epileptics 6 15.0 9.2 >0.1 5 23 9.8 >0.1 


Cortisol half life (minutes) 
SEM P 


Urinary 17-OHCS (mg. per 24 hours) 

Group Number Mean Number Mean SEM P 
Controls 12 98.3 2.9 24 5.6 0.7 
Untreated epileptics 7 94 9.8 >0.1 7 2.2 0.5 <0.01 
Dilantin-treated 

epileptics 31 91 7.0 >0.1 29 2.0 0.9 <0.01 
Phenobarbital-treated 

epileptics 6 119 26.0 >0.1 7 2.6 0.6 <0.01 


*Increase in plasma 17-OHCS concentration one hour after 


per kilogram 


(Cortef I.V. furnished through the courtesy of 
Dr. D. J. O'Donovan, The Upjohn Company, 
Kalamazoo, Mich.), was mixed with 150 cc. 
of 5% dextrose solution and given intravenously 
in approximately thirty minutes. The dose of 
cortisol was 1 mg. per kilogram of body 
weight. Blood samples for 17-OHCS deter- 
minations were obtained at zero, thirty, sixty, 
ninety, one hundred twenty, and one hundred 
eighty minutes. In each case, the logarithms 
of the 17-OHCS concentrations were plotted 
against time and the cortisol half-life value, 
expressed in minutes, was calculated from the 
slope of the regression line.** 


intravenous injection of 0.2 international units of ACTH 


Urinary 17-OHCS were determined from 
twenty-four-hour urine collections by the meth- 
od of Glenn and Nelson.*4 


RESULTS 


Table 1 shows the mean plasma levels of 
17-OHCS in each of the study groups. None 
of these mean concentrations differs signifi- 
cantly from normal. It is also apparent from 
the standard error of the mean for each study 
group that considerable variation exists. 

Table 1 indicates the plasma 17-OHCS re- 
sponse in these patients to a standard ACTH 
stimulus. The mean increases in the epileptic 


TABLE 2 


COMPARISON OF WELL-CONTROLLED AND POORLY CONTROLLED 
DILANTIN-TREATED EPILEPTICS 


Plasma 17-OHCS concentration 


17-OHCS response to ACTH® 


(ug. %) (ug- %) 
Group Number Mean SEM P Number Mean SEM if 
Well-controlled 25 11.0 1.1 — 18 15.2 1.7 -— 
Poorly controlled 7 40.9 13.6 >0.02 6 14.0 3.5 >0.1 
<0.05 


Cortisol half life (minutes) 
EM 


Urinary 17-OHCS values 


(mg. per 24 hours) 
Group Number Mean s Number Mean SEM P 
Well-controlled 24 94.0 8.8 — 22 1.8 0.5 — 
Poorly controlled 7 80.0 12.4 >0.1 6 0.8 0.34 >0.1 


*Increase in plasma 17-OHCS concentration one hour after intravenous injection of 0.2 international units of ACTH 
per kilogram 
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groups studied do not differ significantly from 
that in the normal group. 

Table 1 shows the half-life values, which 
reflect the rate at which intravenously admin- 
istered cortisol disappears from the circulation. 
In none of the study groups is the half life sig- 
nificantly different from that in the normal 
group. 

The data in Table 1 indicate that all of the 
epileptic groups studied have significant re- 
ductions in their twenty-four-hour urinary ex- 
cretions of 17-OHCS. 

The groups of Dilantin-treated patients have 
been subdivided into well-controlled and poor- 
ly controlled patients, and the data concern- 
ing them are compared in Table 2. The con- 
trol levels of 17-OHCS appear to be somewhat 
higher in the poorly controlled patients, but 
the 17-OHCS responses to ACTH are not dif- 
ferent in the 2 groups nor are the half-life 
values and twenty-four-hour urinary 17-OHCS 
excretions. 


DISCUSSION 


The results of this study indicate that pa- 
tients with epilepsy, as a group, either treated 
or untreated, have normal plasma levels of 17- 
OHCS, normal response of 17-OHCS to an 
ACTH stimulus, and normal cortisol half-life 
values. However, the twenty-four-hour urinary 
excretion of 17-OHCS is significantly reduced 
in all of the epileptic groups studied. This, con- 
sidered with the observation of Costa and 
Bonnycastle*® of decreased 17-ketosteroid uri- 
nary excretion, suggests that the total func- 
tional capacity of the adrenal cortex is re- 
duced. However, the decreased excretion of 
17-OHCS and 17-ketosteroids might reflect 
alterations in the metabolism of adrenal ster- 
oids rather than in their production. If such 
were the case, these substances might be ex- 
creted in the urine in some form other than 
either 17-OHCS or 17-ketosteroids. 

Among the Dilantin-treated epileptic pa- 
tients, the small group designated as poorly 
controlled had elevated plasma 17-OHCS con- 
centrations. However, this group failed to 
differ from the well-controlled patients in 
terms of their 17-OHCS response to ACTH, 
cortisol half-life values, or twenty-four-hour 
urinary output of 17-OHCS. Furthermore, the 
majority of the Dilantin-treated patients had 


normal plasma concentrations of these steroids; 
this is compatible with Woodbury’s?* demon- 
stration that, in rats, administration of Dilan- 
tin does not produce elevated blood cortisol 
concentrations. No obvious explanation is ap- 
parent for the elevated 17-OHCS concentra- 
tions observed in the poorly controlled Dilan- 
tin-treated patients. 

The ACTH-17-OHCS response test em- 
ployed in the present study (the one-hour re- 
sponse to 0.2 international units of ACTH per 
kilogram, intravenously) revealed no signifi- 
cant difference between the response in any 
group of epileptic patients and that in the nor- 
mal control group. This latter finding fails to 
confirm the observation of decreased ACTH 
responsiveness in Dilantin-treated epileptic 
patients previously reported.2> However, this 
may be attributable to differences in technic, 
since, in the previous study, the two-hour re- 
sponse of plasma 17-OHCS concentration to 
the intramuscular injection of 25 international 
units of ACTH was employed. 


SUMMARY 


In an attempt to evaluate the role of cor- 
tisol in epilepsy, measurements were made of 
plasma levels of 17-OHCS, plasma 17-OHCS 
responses io an ACTH stimulus, cortisol half 
life, and urinary 17-OHCS excretion in epilep- 
tic patients. The groups included in this study 
were [1] untreated epileptic patients, [2] pa- 
tients on long-term Dilantin therapy, [3] pa- 
tients on long-term phenobarbital therapy, and 
[4] control subjects. 

The epileptic study groups differed from 
the control subjects in only one respect: all 
of these patients had significantly reduced 
amounts of 17-OHCS in their urine. However, 
when the group of Dilantin-treated epileptic 
patients was arbitrarily subdivided, certain 
differences became apparent. A small group 
of poorly controlled patients had plasma 17- 
OHCS levels that were somewhat higher than 
those in the larger, well-controlled group. The 
clinical significance of the latter observation 
is not apparent. 

In summary, it seems unlikely from these 
studies that hydrocortisone plays an important 
role in the mechanism or treatment of seizures. 


The authors wish to express their appreciation to Doris F. 
Tippit and Richard B. Young for their technical assistance. 
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Interactions of human sera and spinal fluids 


with antibrain rabbit sera 


Clara H. Williams, Ph.D., and 
Frederick W. Barnes, Jr., M.D., Ph.D. 


THE auTHORS found previously! that rabbit 
antiserum to a saline-soluble component of 
human brain gave a precipitate when mixed 
with the sera of 14.7% of 115 neuropsychiatric 
patients tested but gave no reaction when 
mixed with sera from 128 general medical 
and surgical patients. Of the positively react- 
ing sera, 13 were from a total of 41 patients 
with general paresis, representing 31.7%. How- 
ever, spinal fluids from any human source al- 
ways gave a precipitate. The precipitin tests 
were performed by mixing serial dilutions of 
the antibrain serum with each of the patients’ 
sera diluted 4-fold or undiluted spinal fluids. 
The dilutions of antisera giving a precipitate 
ranged from 160- to 2,560-fold for the sera 
and 8- to 32-fold for the spinal fluid. 

The present work contrasts the above with a 
search for the limits of dilution of each of the 
human sera in the reaction and thereby gives 
an indication of the amount of “antigen” in 
the patients’ sera. The limits of both precipi- 
tin formation and complement-fixation were 
sought, the former with 4-fold and the latter 
with 10-fold dilutions of the rabbit antibrain 
serum. A group of patients larger than that 
reported earlier was used in the present work 
in an attempt to render our previous findings 
even more conclusive. 


MATERIALS AND METHODS 


Preparation of antigen. Human brain cortex, 
50 gm., was homogenized in 100 cc. of distilled 
water at 4°C., filtered through gauze, and 
centrifuged and the supernatant poured off. 
The sediment was mixed with another 100 cc. 
of water and centrifuged, and the supernatant 
was added to the first and stored at —20° C. 
This water-soluble fraction had a total protein 
content of 6 mg. per cubic centimeter (Folin- 


Cicalteau). The sediment remaining after the 
water fraction had been removed was sus- 
pended, then resuspended in a total volume 
of 200 ce. of saline, and centrifuged and the 
supernatant collected and stored. The protein 
content of this fraction was 2.5 mg. per cubic 
centimeter. 

Immunization of rabbits. Each of the 2 brain 
antigens with the protein content described 
above (water- saline-soluble superna- 
tants) were administered twice weekly intra- 
peritoneally to white, male rabbits weighing 5 
to 7 lb.; 0.5 ce. was given at each injection for 
the first three weeks, then 1 cc. for five weeks. 
If the serum obtained at the trial bleeding 
eight days after the last injection gave a pre- 
cipitin or fixed complement with the corre- 
sponding brain antigen in sufficiently high dilu- 
tion, blood was obtained by cardiac puncture 
on the tenth day. The antiserum reacted with 
both the water-soluble and saline-soluble anti- 
gen fractions in 500-fold dilutions of the 
antigens; therefore, the fractions were pooled. 

Source of human sera and spinal fluids. Sera 
for precipitin tests were obtained from [1] 
180 patients with no mental disorder from the 
general medical and surgical service, [2] 9 
patients with multiple sclerosis, and [3] 264 
neuropsychiatric patients, of whom 23 had 
paresis. Complement-fixation tests were done 
on 40 of the first group, the 9 patients with 
multiple sclerosis, and 114 of the neuropsy- 
chiatric patients, including 17 of those with 
paresis. Cerebrospinal fluid was obtained from 
40 patients, of whom 6 had paresis, 4 had 
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TABLE 1 


HUMAN SERUM AT VARIOUS DILUTIONS 
PRECIPITIN FORMATION WITH ANTIBRAIN RABBIT SERUM® 


Type of Number Number of | —Number of 7 > yd a precipitin at limiting dilutions shown—, 
patient of sera sera positive 500 2,000 4,000 10,000 20,000 
Medical and 

surgical 180 19 4 5 3 2 4 1 
Multiple 

sclerotic 9 1 1 0 0 0 0 0 

(100-fold ) 

Neuropsychiatric 

(all types ) 264 47 15 8 17 5 1 1 
Paretic 23 12 3 5 3 0 0 


*Diluted 5-fold 


multiple sclerosis, 23 were from the general 
medical and surgical wards, and 7 were from 
neuropsychiatric service. 

Precipitin tests were done on a microscale, 
with adequate controls, by mixing 0.2 cc. of 
antiserum diluted 4-fold and 0.2 cc. of dilu- 
tions of brain antigen, human serum, or spinal 
fluid ranging from 10- to 500-fold. The tubes 
were incubated for forty-five minutes at 37° C., 
stored for eighteen hours at 4° C., centrifuged, 
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Fig. 1. Comparison of precipitin reactions 
between antihuman brain rabbit serum and 
human sera from 3 different patient types. 
GMS represents general medical and surgi- 
cal patients, NP represents neuropsychiatric 
patients, and PARE represents paretic pa- 
tients. The per cent positive in each group 
bs pers 100 times the quotient of the number 
of sera in that es reacting positively at 
a given dilution divided by the total number 
of positives in each group. 


and examined for precipitate. Any controls 
not free of precipitate were discarded. 
Complement-fixation test. A modification of 
the Kolmer test consisted of mixing 0.2 cc. of 
a 1:10 dilution of antiserum, 0.2 cc. of dilu- 
tions of brain antigen, human serum, or spinal 
fluid ranging from 100- to 100,000-fold, and 
0.1 ce. of guinea-pig complement diluted to 
contain 2 units; the mixture was then stored 
overnight at 4° C. Antiserum, human serum, 
and antigen were inactivated at 52°C. for 
twenty minutes before use. The next day, 0.2 
ce. of a hemolysin dilution containing 2 units 
and 0.1 cc. of 2% sheep-cell suspension were 
added; the mixtures were incubated for fifteen 
minutes at 37° C. and centrifuged. The degree 
of hemolysis was then estimated by eye. Con- 
trols of all reactants were set up for each 
test, and a test was discarded if any of the 
reactants were anticomplimentary or naturally 
hemolytic. 
RESULTS 


In studying precipitin formation, a screen- 
ing test was carried out using a 4-fold dilution 
of antihuman brain rabbit serum and 10-, 100-, 
and 500-fold dilutions of human sera. If pre- 
cipitation occurred, it did so at the 500-fold 
dilution only, not in the lower dilutions. These 
positively reacting sera were then tested to 
obtain the limiting dilution of precipitation. 

Table 1 shows that these limits ranged from 
500- to 10,000-fold. When seen graphically 
(Fig. 1), the data indicate that, for the major- 
ity of sera, the limits of dilution for precipitin 
formation were between 500- and 4,000-fold; 
68% of the 12 positive paretic sera showed a 
dilution limit of at least 2,000-fold. 


INTERACTIONS OF HUMAN SERA AND SPINAL FLUIDS 


TABLE 2 


HUMAN SERUM AT VARIOUS DILUTIONS 
COMPLEMENT-FIXATION TESTS WITH ANTIBRAIN RABBIT SERUM® 


Number -——Number of sera fixing Li t at limiting dilutions 
Type of patient of sera 500 1,000 5,000 "10,000 20,000 50,000 = 100,000 
General medical and surgical 40 10 12 12 3 
(2)+ (3) 
Multiple sclerosis 9 2 5 2 0 0 0 0 
(1) 
Neuropsychiatric (all types) lll 26 37 30 10 2 3 3 
(8) (10) 
Paretics 17 2 4 8 0 1 
(1) (3) (5) 
*Diluted 10-fold 
+The numbers in parentheses represent those sera which gave a positi I t-fixati ction below the 5,000- 


fold dilution (already included in the total) and also at the higher dilution indicated. 


From the results, it may be seen that the 
antibrain serum gave a precipitate with 19 of 
the 180 sera from the medical and surgical 
cases (11%), with 1 serum from the 9 multiple 
sclerosis cases (12%), and with 47 of the 264 
sera from the neuropsychiatric cases (18%). 
The last group contained sera from 23 patients 
with paresis, of which 12 gave a_ positive 
reaction (52%). Precipitin tests with the anti- 
brain serum and brain antigen had a limiting 
dilution of brain antigen of 500-fold. 

The results of complement-fixation reactions 
between serial dilutions of human serum and a 
10-fold dilution of antihuman brain serum are 
shown in Table 2 and Figure 2. While a large 
percentage of the sera described in the para- 
graph above failed to give a positive reaction, 
all of the sera from each population group re- 
acted positively in the complement-fixation 
test. This occurred in dilutions of the patients’ 
sera ranging from 500- to 100,000-fold, with 
the majority showing dilution limits between 
500- and 10,000-fold. Evidence that organ 
antigens are normally present in human sera 
has been reported before.2 The complement- 
fixation test with antibrain serum and human 
brain antigen was positive in dilutions of the 
antigen up to 500-fold. 

Somewhat unexpected, but still not contra- 
dictory, is the fact that, for the paresis pa- 
tients’ sera showing positive precipitin reac- 
tions, titers obtained with the complement- 
fixation test were usually only 1 serial dilution 
greater than those with the precipitin test. 
Otherwise, the many instances in which a se- 
rum showed a negative precipitin but a posi- 
tive complement-fixation test were in accord 


with the generally greater sensitivity of the 
latter test. 

In a few cases (18%), complement was fixed 
in 500- or 1,000-fold dilutions of the serum, 
then not fixed until a 50,000- to 100,000-fold 
dilution was reached, (see the figures in 
parenthesis in Table 2). This phenomenon, 
possibly reflecting more than one kind of anti- 
gen-antibody system, was present with sera 
from all types of patients, including 6 of the 
12 paresis cases. 

The antibrain serum gave a positive precipi- 
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DILUTION OF PATIENTS’ SERA 


Fig. 2. Comparison of complement-fixation 
reactions between antihuman brain rabbit 
serum and human sera from 3 different pa- 
tient types. See Figure 1. “Two titers” re- 
fers to a serum that gave a positive comple- 
ment-fixation reaction both at dilutions be- 
low 5,000-fold and then again at 20-, 50-, or 
100,000-fold dilutions. 
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TABLE 3 


HUMAN CEREBROSPINAL FLUID PRECIPITIN 
FORMATION .AND.COMPLEMENT-FIXATION WITH ANTIBRAIN RABBIT SERUM® 


Type of Number 


-———_Number of cerebrospinal fluids giving a reaction at limiting dilution shown———_, 


Precipiti Number 100 or -——Complement-fixation——_, 

patient of fluids 50 500 1,000 2,000 of fluids below 500 1,000 5,000 
Medical and 

surgical 22 18 2 2 23 5 ll 5 2 
Multiple 

sclerotic 3 3 0 0 3 1 2 0 0 
Neuro- 

psychiatric 12 5 3 3 13 2 6 4 1 
Paretic 5 2 2 6 1 2 2 1 


*Diluted 5-fold for precipitin test and 10-fold for complement-fixation test 


tin and a positive complement-fixation test 
when mixed with serial dilutions of all of the 
spinal fluids from any source (Table 3). As 
may be seen, for a few cases, the complement- 
fixation test was positive even when the spinal 
fluid was diluted 5,000-fold. The total protein 
content of the fluids ranged from 12 to 72 
mg. per cent; there was no correlation between 
this value and the degree of dilution possible 
in the tests. 

The fact that the antibrain serum gave high- 
er titers with the human serum than with the 
homologous brain antigen is interesting. 


SUMMARY 


The sera of some individuals, in dilutions 
as high as 20,000-fold, will give a precipitate 
when mixed with antihuman brain serum. The 
reaction cannot be immediately related to a 
particular disease state because sera from 11% 
of a medical and surgical population reacted 
positively, as did those from 12% of a group 
of multiple sclerosis patients and 18% of a 
neuropsychiatric population. Of the paretic 
patients’ sera, however, 52% did give a pre- 
cipitate with the antibrain serum. It is appar- 
ent that this is not a general flocculation 
phenomenon. 


All of the human sera from any source gave 
a positive complement-fixation reaction when 
mixed with antihuman brain rabbit serum. The 
limiting dilution of some sera was as high as 
100,000-fold, but there was no correlation be- 
tween the limit and the disease state of the 
patient. Of the total sera tested, 18% fixed com- 
plement at dilutions below 500-fold and then 
again at 50- to 100,000-fold dilutions; this 
reaction was most evident in the paresis cases 
(9 out of 17 paretic sera used). 

Spinal fluids from all the patients gave a 
positive precipitin reaction and a_ positive 
complement-fixation reaction. No particular 
clinical correlations are discernable so far, 
especially between protein content and titer. 

These results further suggest the possibility 
that constituents of the brain circulate in body 
fluids to a varying degree under varying cir- 
cumstances. 
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Regeneration of peripheral nerves 


with hyperinsulin neuronopathy 


Report of a case 


Edward H. Lambert, M.D., Donald W. Mulder, M.D., 
and James A. Bastron, M.D. 


THE TERM hyperinsulin neuronopathy has been 
used to describe a syndrome of distal muscular 
atrophy and paresthesias associated with hy- 
perinsulinism. It has been postulated that the 
pathophysiology of this syndrome involves 
both the anterior horn cells and the peripheral 
nerves, although pathologic evidence for the 
latter lesion is not available. In a previous 
review! of the history and findings in 20 pa- 
tients with hyperinsulin neuronopathy associ- 
ated with pancreatic adenoma, it was found 
that removal of the pancreatic adenoma re- 
sulted in the disappearance of the paresthesias 
and arrest of progression of the muscular atro- 
phy. Despite this arrest, clear evidence of 
progressive improvement in muscle strength 
occurred in only 1 patient, the case reported 
by Barris.2 The rarity of significant recovery 
of muscle has suggested that weakness and 
atrophy were the result primarily of degenera- 
tion of anterior horn cells. In this communi- 
cation, we wish to describe the occurrence of 
recovery of muscle strength and muscle bulk 
after removal of pancreatic adenomas from a 
patient with hyperinsulin neuronopathy. Elec- 
tromyographic and other electrodiagnostic tests 
suggest that recovery in this patient occurred 
by regeneration of peripheral nerves rather 
than by sprouting of previously undamaged 
axons, such as might occur in diseases that 
affect anterior horn cells.* The results of these 
studies will be described in the following re- 
port. 


REPORT OF CASE 


The patient (Case 11 previously reported 
by us") was first seen at the Mayo Clinic on 


February 10, 1955. She had had episodes of 


confusion for six months and episodes of coma 
for three months before her examination at the 
Clinic. Two weeks before admission, she was 
aware of paresthesia of her hands and feet. 
Examination revealed weakness of muscles in 
the distal portions of all 4 extremities. A diag- 
nosis of mutliple endocrine adenomas was 
established. Operative exploration of the para- 
thyroid gland with removal of multiple ade- 
nomas was carried out on February 26. Ex- 
ploratory laparotomy on March 11 revealed 
multiple adenomas of the pancreas, and sub- 
total pancreatectomy was performed. On June 
2, most of the remaining pancreas was re- 
moved. Previously, we have presented data 
which, in our opinion, definitely relate the 
neuronopathy in this patient to her hyper- 
functioning pancreatic adenoma and not to 
other endocrine adenomas.! 

In July, clinical examination revealed im- 
provement. Although the patient’s hands were 
still weak, paresthesia had disappeared. In 
January 1956, the patient reported that she 
was gaining weight and was now able to walk 
without crutches. The patient was next seen in 
May 1957, at which time remarkable improve- 
ment was evident and no weakness could be 
demonstrated clinically in the hands or feet. 
In October 1959, the patient reported that she 
had no disability in her hands or feet and that 
she was active as a physical education teacher. 

Electromyographic examination on February 
15, 1955, approximately three weeks after the 
onset of paresthesia in the hands and feet, 
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Hyperinsulin neuronopathy after recovery of 
strength and bulk of muscles (May 1957). 
Action potentials of the hypothenar group of 
muscles evoked by electric stimuli of in- 
creasing strength applied percutaneously to 
the ulnar nerve at the elbow or at the wrist. 
Stimuli were single square wave pulses of 
0.1 msec. at the elbow and 0.5 msec. at the 
wrist. Responses were recorded from cathode 
ray oscilloscope. Moment of stimulation is 
indicated by small “shock artifact” at arrows 
and is followed after a few milliseconds by 
the muscle action potential. Voltage of each 
stimulus is indicated above arrow. On the 
left, stimulation with 22 to 32 volts evokes a 
response of normal contour and latency (re- 
sponse to stimulation of low-threshold motor 
nerve fibers). On the right, greater voltages 
excite an additional response of longer lat- 
ency (response to stimulation of high-thres- 
hold motor nerve fibers) superimposed on 
the low-threshold response. Time signal is 
1,000 cps. 


revealed evidence of denervation of skeletal 
muscles. Fibrillation, grade 2 to 3, was present 
in muscles in the left forearm, hand, and leg. 
No fasciculations were observed. Motor unit 
action potentials were greatly reduced in num- 
ber but were of normal size and fired at a 
rapid rate during strong effort to contract the 
muscle. On March 9, the electromyogram was 
essentially the same, although the amount of 
fibrillation evidenced in the resting muscles 
had increased. Similar results were obtained 
on March 23. By this time, grade 2 fibrillation 
was present in both biceps brachii as well as 
in more distal muscles of the extremities. 

In May 1957, nearly two years after pan- 
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createctomy, there was no evidence of denerv- 
ation. No definite fibrillation potentials were 
detected in the first dorsal interosseous, biceps 
brachii, and anterior tibial muscles. Rare fas- 
ciculations in the first dorsal interosseous and 
anterior tibial muscles were noted. Motor unit 
action potentials were essentially normal, with 
a slight or questionable reduction of number 
in the first dorsal interosseous and anterior 
tibial muscles. Measurements of the ampli- 
tude of the action potentials in the biceps 
brachii muscles (geometric mean of ampli- 
tudes over 100 nv.) gave values that were 
essentially the same as those obtained in 
March 1955. The mean amplitude was 330 pv. 
in March 1955 and 290 uv. in May 1957 
(range of normal mean values, 250 to 450 pv.; 
n= 72 persons). On both dates, no action 
potential in 10 areas of the muscle exceeded 
3.2 mv. and only one exceeded 1.6 mv. The 
strength-duration curve of the hypothenar 
muscles plotted on February 18, 1955, was 
typical of partial denervation. The chronaxy 
was greater than 10 msec. In May 1957, the 
strength-duration curve of the same muscle 
was in normal range and the chronaxy was 
0.08 msec. 

The most interesting and significant results 
were obtained from a study of conduction in 
the motor fibers of the ulnar and median 
nerves (see figure). The method employed 
was similar to that described by Hodes, Lar- 
rabee, and German.‘ The action potential of 
a muscle, evoked by stimulation of its nerve, 
is recorded by electrodes on the skin over the 
belly and tendon of the muscle. The size of 
the action potential is a measure of the num- 
ber of muscle fibers that respond, while the 
latency of the response after nerve stimulation 
is largely the time for conduction of the nerve 
impulse from the point stimulated to the nerve 
endings and across the neuromuscular junc- 
tions. In February 1955, the amplitude of the 
action potential evoked in the left hypothenar 
muscles by maximal stimulation of the ulnar 
nerve was 0.6 mv., approximately 5% of aver- 
age normal value (normal, 5.6 to 20.8 mv.; 
mean, 11.4+ 0.29 mv.; n= 103), but the dur- 
ation of the action potential was in the normal 
range. The action potential was essentially the 
same in amplitude and duration whether the 
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nerve was stimulated at the elbow or at the 
wrist. The speed of conduction in the proximal 
and distal parts of the functioning motor nerve 
fibers was normal. Conduction velocity be- 
tween elbow and wrist in the ulnar nerve was 
58 meters per second (normal, 47 to 73 meters 
per second; mean, 60 + 0.4 meters per second; 
n= 188). 

Similar results were obtained on March 9 
and 23, 1955. In May 1957, several changes 
were observed. The magnitude of response of 
the hypothenar muscles was increased. Maxi- 
mal stimulation of the ulnar nerve at the elbow 
evoked in these muscles an action potential of 
2.8 mv., whereas stimulation at the wrist 
evoked an action potential of 5.4 mv. The 
duration of both action potentials was pro- 
longed but was shorter when the stimulus was 
applied at the wrist than at the elbow; this 
indicated that the difference in amplitude of 
response to stimulation at elbow and wrist re- 
sulted from a greater degree of synchroniza- 
tion of the activity of the muscle fibers when 
the stimulus was applied at the wrist than 
when it was applied at the elbow. Conduction 
velocity of the fastest motor fibers (61 meters 
per second) remained in the normal range, 
but conduction velocity of other fibers was 
much slower than that observed in normal 
nerves. 

More detailed examination of the response 
to stimulation of the ulnar nerve in May 1957 
revealed that there were 2 different groups 
of motor fibers responding to the electric 
stimulus (see figure). The first was a group 
of fibers that had a normal, low threshold to 
electric stimulation and a normal conduction 
velocity. This group of fibers was similar in 
its characteristics to that which was function- 
ing in February and March 1955, although in 
1957 the amplitude of response of the hypo- 
thenar muscles after stimulation of this group 
of fibers was 4 to 5 times what it had been in 
February and March 1955. The second group 
of fibers had a high threshold to electric stim- 
ulation and a low conduction velocity. The 
latency of response to stimulation of these 
fibers was longer than that to stimulation of 
the fibers of the first group. No evidence was 
obtained that fibers of the second group were 
present at the time of the examinations in Feb- 
ruary and March 1955. 


853 


In 1957, when an electric stimulus was ap- 
plied to the ulnar nerve at the elbow, fibers of 
the first group were maximally excited when 
22 volts were applied for 0.1 msec. (see fig- 
ure). Fibers in the second group began to re- 
spond when the stimulus was increased to 32 
volts, but all the fibers did not respond until 
a voltage of 60 was reached. A similar phe- 
nomenon was observed in the median nerve. 


COMMENT 


For us, the most satisfactory explanation 
for the presence of two groups of motor fibers 
differing in threshold to electric stimulation 
and in conduction velocity is as follows: The 
group of fibers having a high threshold to 
electric stimulation and a low conduction vel- 
ocity is composed of fibers that have regener- 
ated from previously damaged axons and have 
not yet attained a normal diameter, excitabil- 
ity, and conduction velocity. The group of 
fibers having a low threshold to electric stimu- 
lation and a normal conduction velocity in- 
cludes fibers that were not damaged by hyper- 
insulinism. However, the response to stimu- 
lation of this group of fibers was approximately 
4 to 5 times as great in May 1957 as it was 
in February and March 1955. This could oc- 
cur as the result of an increase in number of 
fibers in this group by maturation (with an in- 
crease in diameter, excitability, and conduction 
velocity) of some of the fibers that regener- 
ated from previously damaged axons or by 
recovery of some fibers that may have been 
temporarily nonfunctioning but had not under- 
gone wallerian degeneration during hyperin- 
sulinism. 

Some alternative explanations for the re- 
sponses to electric stimulation observed in 
May 1957 must be considered. The presence 
of small-diameter motor fibers in the ulnar 
nerve might result from the sprouting of 
branches from otherwise unaffected axons rath- 
er than by regeneration of previously damaged 
axons. Evidence for the occurrence of sprout- 
ing in diseases that affect anterior horn cells 
has been presented by Wohlfart,? Coérs and 
Woolf,® and others. Evidence suggests that 
functioning sprouts arise principally from in- 
tramuscular portions of the axon. Causey and 
Hoffman® indicate that, while sprouting also 
occurs from’ the axons outside the muscle, few 


‘ 


854 


of these branches ever mature. Therefore, no 
evidence exists that functioning sprouts would 
be present in the ulnar or median nerves at the 
points stimulated (elbow and wrist) in our 
study. That intramuscular sprouting could ac- 
count for the findings after the patient has 
recovered from the effects of hyperinsulinism 
seems unlikely. It would not explain satis- 
factorily the difference in strength of electric 
stimulus required to excite the two groups of 
motor fibers in the ulnar and median nerves, 
since the sprouts would be branches of the 
parent axon and should respond to any stimu- 
lus that excited the parent axon. Thus, both 
the parent axon and its sprout would be ex- 
cited at the same stimulus strength. There 
would be no difference in apparent threshold 
of the fast-conducting and slow-conducting 
branches. Should sprouting have occurred 
proximal to the point of stimulation of the 
nerve, a low-threshold stimulus, exciting the 
parent fiber, might excite the sprout through 
an axon reflex. It seems unlikely, therefore, 
that sprouting of previously undamaged axons 
can explain the occurrence of the high-thres- 
hold, slow-conducting fibers during recovery 
from hyperinsulinism. Additional evidence in 
support of this conclusion is the fact that, in 
amyotrophic lateral sclerosis and poliomyelitis, 
no group of high-threshold, slow-conducting 
fibers has been observed, although collateral 
sprouting has been demonstrated to occur in 
these diseases of the motor cell.*-5 Marked 
slowing of conduction of some motor nerve 
fibers (below 40 meters per second in the 
ulnar nerve), such as that observed in the 
patient with hyperinsulinism, has not been 
noted in the latter diseases,7;* but does occur 
in chronic polyneuropathy® and after regener- 
ation of injured nerves.‘ 

Sprouting of collateral branches from intact 
neurons to innervate muscle fibers denervated 
by degeneration of their neurons has been sug- 
gested as one cause of enlargement of the 
motor unit action potentials and the appear- 
ance of large polyphasic potentials in the mus- 
cle in lower motor neuron disease. In spinal 
muscular atrophies, motor unit action poten- 
tials may be increased in amplitude many 
times the normal amplitude. No significant 
change in size of motor unit action potentials 
occurred with recovery of muscle strength in 
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the patient with hyperinsulinism. None of the 
large polyphasic action potentials commonly 
seen in poliomyelitis were observed. 

Another possibility which must be consid- 
ered is that the long duration of the muscle 
action potential evoked by supramaximal elec- 
tric stimuli applied to the nerve after recovery 
in hyperinsulinism was the result of repetitive 
firing of the low-threshold axons caused by the 
high intensity to which the stimulus was in- 
creased in order to evoke the late response. 
However, if this were the case, a greater 
amplitude and shorter duration of response 
would not be expected when the stimulus was 
applied at the wrist than when it was applied 
at the elbow. Furthermore, the intensity of 
stimulus employed in this study does not evoke 
repetitive responses in normal persons or in 
persons with amyotrophic lateral sclerosis or 
poliomyelitis. 

The conclusion is reached that the high- 
threshold, long-latency component of the re- 
sponse to stimulation of the ulnar nerve after 
recovery from hyperinsulin neuronopathy rep- 
resents the response of immature, small-diame- 
ter motor nerve fibers that have regenerated 
from previously damaged axons rather than by 
sprouting from undamaged axons. The obser- 
vations give physiologic evidence for involve- 
ment of the peripheral nerves in this patient 
with hyperinsulin neuronopathy. 


REFERENCES 


1. Mutper, D. W., Bastron, J. A., and Lambert, E. 
H.: MHyperinsulin neuronopathy. Neurology 6:627, 
1956. 

2. Barris, R. W.: Pancreatic adenoma (hyperinsulinism) 
associated with neuromuscular disorders. Ann. Int. 
Med. 38:124, 1953. 

3. Wontrart, G.: Collateral regeneration from residual 
motor nerve fibers in amyotrophic lateral sclerosis. 
Neurology 7:124, 1957. 

4. Hopes, R., Lanrasese, M. G., and German, W.: The 
human electromyogram in response to nerve stimu- 
lation and the conduction velocity of motor axons; 
studies on normal and on injured peripheral nerves. 
Arch. Neurol. & Psychiat. 60:340, 1948. 

5. Corrs, C., and Woorr, A. L.: The Innervations of 
Muscle: A Biopsy Study. Springfield, Ill., Charles C 
Thomas, 1959. 

6. Causey, G., and Horrman, H.: Axon sprouting in 
partially deneurotized nerves. Brain 78:661, 1955. 

7. Henriksen, J. D.: Conduction Velocity of Motor 
Nerves in Normal Subjects and Patients With Neuro- 
muscular Disorders. Thesis, Graduate School, Univer- 
sity of Minnesota, 1956. 

8. LamsBert, E. H., and Mutper, D. W.: Electromyo- 
graphic studies in amyotrophic lateral sclerosis. Proc. 
Staff Meet., Mayo Clin, 32:441, 1957. 

9. Electromyography and electric stimulation of peripher- 
al nerves and muscle. In Clinical Examinations in 


Neurology, by members of the Sections of Neurology 
and the Section of Physiology, Mayo Clinic. Philadel- 
phia, W. B. Saunders Co., 1956, pp. 287-317. 


CASE REPORT 


Vertebral artery insufficiency produced 


by cervical osteoarthritic spurs 


Creighton A. Hardin, M.D., William P. Williamson, M.D., 
and A. Theodore Steegmann, M.D. 


THE sYNDROME of basilar artery insufficiency 
has attracted recent widespread interest, par- 
ticularly regarding the efficacy of anticoagulant 
therapy! versus surgical therapy.” In routine 
cerebral vascular accidents, Hutchinson and 
Yates* have stressed the frequency of vertebral 
artery stenosis or occlusion. Of their 48 cases, 
19 had atheromatous narrowing and 3 total 
occlusion of one or both vertebral arteries. 
Attention was called to the fact that distortion 
of the vertebral artery was sometimes caused 
by changes in the bony spine from cervical 
spondylosis. 

Tatlow and Banner* demonstrated radio- 
graphically on one cadaver, after injection of 
a barium solution into the vertebral arteries, 
that right lateral rotation of the head resulted 
in temporary occlusion of the right vertebral 
artery by an osteophyte. 

In 203 vertebral angiograms accomplished 
by radial artery catheterization, Radner*® noted 
lateral displacement of the vertebral artery by 
cervical osteophytes in only 2 instances. Co- 
burn and Lewis* reported that hyperextension 
of the neck can cause temporary failure of 
filling of the vertebral artery and noted lateral 
displacement of the vertebral artery by osteo- 
arthritic spurs. 

On fresh cadavers, Primbs and Weber? 
demonstrated narrowing of the vertebral artery 
by arthritic bone changes. Although Kovacs* 
discussed vertebral artery compression by lip- 
ping and what he termed “widening of the un- 
cinate process,” he stressed its importance in 
the production of head and neck pain rather 
than vascular insufficiency. 


Thus, attention has been called to narrowing 
of the lumen of the vertebral artery by lateral 
osteophytes and obliteration of the vessel by 
turning of the head, but we have found no re- 
port of therapy for vascular insufficiency by 
surgical removal of the bony spurs. For this 
reason, this single case report seems justified. 


CASE REPORT 


W.H., a 50-year-old white male traveling 
salesman, was first admitted to the Neurology 
Service at the University of Kansas Medical 
Center on August 27, 1958. He gave a history 
of peculiar attacks of three years’ duration, 
each characterized by rather rapid onset of 
thick speech, staggering gait, hazy vision, and 
light-headedness. Each attack would last from 
twelve to forty-eight hours and would clear 
spontaneously. They varied in severity from 
mild ones, in which only his wife could note 
his thick speech, to severe ones, in which he 
could not walk a straight line. His attacks 
averaged about one a month, and he was una- 
ware of any factor that would produce them. 

His past history included a differential sen- 
sory trigeminal rhizotomy for trigeminal neu- 
ralgia in 1944, with residual numbness of the 
left lower jaw. 

Neurologic examination revealed a slightly 
unsteady gait, mild nystagmus on right and 
left lateral gaze, and a Babinski response bi- 
laterally but no other neurologic deficit except 
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Fig. 1. Retrograde filling of the basilar ar- 
tery after right carotid arteriograms sug- 
gesting vertebral insufficiency 


Fig. 2. Right subclavian arteriogram show- 
ing filling of vertebral artery but with sharp 
angulation at C5 and C6 


postoperative sensory impairment in the third 
division of the left fifth nerve. 

Skull and chest roentgenograms were nor- 
mal. Spinal puncture revealed an initial pres- 
sure of 120 mm., no cells, and a total protein 


of 38 mg. per cent. An electroencephalogram 
showed a moderately well organized record 
with paroxysmal irregular slowing and a few 
well defined high voltage spikes in the left 
temporal area. 

The patient was dismissed without a posi- 
tive diagnosis but was readmitted December 
27, 1958, for further study. His attacks had 
continued unabated, and his abnormal neuro- 
logic signs persisted. On this occasion, it was 
noted that, when the patient’s head was turned 
far to the right, his speech would become 
thick and his color pale, profuse perspiration 
occurred, and impending syncope demanded 
relief from this position. 

A review of bilateral carotid arteriograms 
done elsewhere revealed retrograde filling of 
the basilar artery and its branches, suggesting 
vertebral artery insufficiency on the right side 
(Fig. 1). Cervical spine roentgenograms dis- 
closed lateral osteoarthritic spurring between 
C4 and C5 and also between C5 and C6. 

Bilateral percutaneous subclavian arterio- 
grams done with 10 cc. of 50% Hypaque show- 
ed filling of the right vertebral artery with 
marked angulation and narrowing due to the 
arthritic spur between C5 and C6 and a lesser 
similar deformity between C4 and C5 (Fig. 
2). The left vertebral artery could not be 
visualized. 

A confirmatory study was then done by in- 
sertion of bilateral brachial catheters into the 
subclavian arteries under local anesthesia; 10 
ce. of 20% Hypaque was used for each injec- 
tion. The right vertebral artery was visualized 
with the head placed in an anteroposterior 
position; the procedure was repeated with the 
chin turned sharply to the right lateral posi- 
tion. The vertebral arteriogram in the antero- 
posterior position again showed sharp angula- 
tion from the spur (Fig. 3). The arteriogram 
taken with the head turned to the right showed 
a complete occlusion of the right vertebral 
artery at the C5-C6 level (Fig. 4). The left 
vertebral artery again was not visualized. 

A decision was made to first explore the left 
neck in order to determine whether the non- 
visualizing left vertebral artery represented a 
focal occlusion that could be corrected by an 
endarterectomy or a bypass graft. On January 
9, 1959, under general anesthesia, the lower 
cervical area was explored through the bed of 
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Fig. 3. Right subclavian catheter arterio- 
gram again confirming occlusive spur. 
(The white area seen in the center is an 
artifact. ) 


a subperiosteal resection of the inner one-half 
of the clavicle. No left vertebral artery arose 
from the subclavian artery. Sibson’s fascia was 
cut, the pleura reflected laterally, and the 
aortic arch exposed. The origin of the left 
common carotid artery was identified, but 
there was no anomalous vertebral artery aris- 
ing from the aortic arch. 

Six days later, under endotracheal anesthesia 
in the supine position, the right vertebral 
artery in its canal was explored by an anterior 
approach between the carotid sheath and the 
trachea. An arthritic spur compressing the 
vertebral artery, thought to be at the C5-C6 
level, was found and removed with a bone 
curette; the level was marked with a silver 
clip. Postoperative radiograms revealed that 
the lesser C4-C5 lesion had been removed by 
error. 

The wound was reopened on January 22, 
and the larger spur was identified and re- 
moved. The bony mass narrowed the arterial 
lumen by one-half and was adherent to the 
arterial wall. Procaine was applied locally to 
the vessel wall to prevent arterial spasm. The 
postoperative course was uneventful, with no 
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Fig. 4. Right subclavian catheter arterio- 
gram with chin turned to right lateral posi- 
tion, completely occluding right vertebral 
artery 


symptoms of vascular insufficiency, though a 
transient right twelfth nerve paresis occurred 
because of operative retraction of the hypo- 
glossal nerve. 

A percutaneous right subclavian arteriogram 
done on the fifth postoperative day revealed 
absence of the arthritic spurs and marked im- 
provement in the vertebral artery deformity 
(Fig. 5). Rotation of the head to the right 
postoperatively failed to reproduce the pre- 
operative symptoms. The patient has had no 
further attacks in the nine-month follow-up 
period, though the bilateral Babinski response 
persists. 


DISCUSSION 


The beautiful filling of the basilar artery on 
the right carotid arteriograms was strong pre- 
sumptive evidence of vertebral artery insuf- 
ficiency in this patient. This phenomenon was 
reported in 2 patients by van der Zwan® in 
1954 and certainly indicated further investiga- 
tion of the vertebral system. 

Complete and thorough arteriographic studies 
are necessary to diagnose and select suitable 
cases for surgical correction. The reproduction 
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Fig. 5. Right postoperative arteriogram after 
vertebral canal decompression with removal 
of spur 


of the vertebra! artery occlusion by manipula- 
tion of the neck with the subclavian catheter 
in place for serial injections of radiopaque dye 
sharply localized the lesion that existed in 
this patient. 

Thorough surgical exploration also disclosed 
congenital absence of the left vertebral artery. 
Daseler and Anson,’ in reviewing the surgical 
anatomy of the subclavian artery, find that the 
vertebral artery arises from the subclavian in 
91% of cases. Anomalous origins were de- 
scribed as left vertebral from aortic arch 
(2.46%), right vertebral from aortic arch 
(0.28%), and dual or accessory from aortic 
arch (0.72%). Congenital unilateral absence 
was not reported. 

Lateral osteophytes occur as a degenerative 
change in the lateral intervertebral joints, first 
described by Luschka in 1858. These joints are 
mentioned in the literature under a surprising 
number of names, including joints of Luschka, 
uncovertebral joints, neurocentral joints, hemi- 
arthroses intervertebral lateralis, and lateral 
interbody joints. Though Bovill and Drazek"™ 
deny the presence of these joints, Jackson’? 
emphasizes the importance of their anatomy 
and remarks on their tendency to osteophyte 
production. 
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Although much emphasis has been placed 
on intervertebral foraminal narrowing by these 
osteophytes and their role in the production of 
radicular head and neck pain, especially in 
lower cervical spine, their possible role in the 
production of vertebral artery insufficiency has 
not been properly stressed. Schneider and 
Crosby" have recently reemphasized the sig- 
nificance of vascular impairment to the brain 
stem and cervical cord by mechanical distor- 
tion of the vertebral arteries. We join their 
plea for further investigation of the vertebral 
artery in patients with cervical spine pathol- 
ogy. 


SUMMARY 


A patient with basilar artery insufficiency 
due to congenital absence of one vertebral 
artery and compression of the opposite verte- 
bral artery by osteoarthritic spurs is presented. 
Successful relief of symptoms was obtained 
by surgical excision of the offending osteo- 


phytes. 
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Pathogenesis of cerebral vasospasm 


in hypertensive encephalopathy 


II. The nature of increased irritability of smooth muscle 
of pial arterioles in renal hypertension 


John S. Meyer, M.D., Arthur G. Waltz, M.D., and 


Fumio Gotoh, M.D. 


IN A PREVIOUS communication,! a series of 
acute experiments were described which were 
designed to clarify the nature of the cerebral 
vasospasm that occurs in severe hypertension. 
In those experiments, the effects of sudden 
increases in intraluminal pressure were inves- 
tigated. Moderate degrees of cerebral vaso- 
constriction were demonstrated to occur dur- 
ing rapid, severe increases in intraluminal ar- 
terial pressure. However, vasoconstriction was 
not considered to be sufficient to warrant the 
term “vasospasm” or to account for the cere- 
bral symptoms that are seen in hypertensive 
encephalopathy. Nevertheless, intravenous in- 
jection of hypertensin, produced more intense 
pial arterial constriction. 

The present series of experiments was de- 
signed to study effects of chronic renal hyper- 
tension on cats and monkeys; cranial windows 
for observation and photography of the pial 
vessels were used in a manner similar to that 
reported by Byrom? in the rat. The effects on 
pial blood flow and intracranial pressure of 
anemically and chemically induced hypoten- 
sion were examined. The methods emploved 
permitted analysis of 4 factors that might be 
responsible for cerebral vasoconstriction: 
® Changes in intraluminal arterial pressure 
e Circulating vasoconstrictor factor 
® Brain swelling and compression of cerebral 

vessels 
® Increased 

muscle. 


irritability of arterial smooth 


MATERIAL AND METHODS 


Attempts were made to induce renal hyper- 
tension in 12 Macacus rhesus monkeys and 5 


cats. In an additional cat, spontaneous hyper- 
tension of nonrenal origin was studied; histo- 
logic examination showed normal kidneys. 
This animal is an additional example of spon- 
taneously occurring hypertension in the cat, 
which has been reported.* The Goldblatt meth- 
od* was used for producing renal hypertension 
in 6 monkeys. The technic of Page*® was used 
in the remaining 6 monkeys and 5 cats. 

The surgical technic consisted of endotra- 
cheal intubation after anesthesia induced by 
30 mg. of Nembutal per kilogram of body 
weight given intravenously with 0.5 mg. of 
atropine. By aseptic technic, the right com- 
mon carotid artery was ligated or closed with 
a small Crutchfield clamp.* Such clamping of 
one carotid artery permitted observations of 
the effects of renal hypertension on the normal 
and the ischemic cerebral circulation. Both 
kidneys were exposed and mobilized through 
bilateral, subcostal, transverse incisions. The 
left kidney was removed, and the right renal 
artery was constricted by means of a Salibi 
clamp (Fig. 1) until the pulsations were near- 
ly obliterated. When the Page technic was 
used, the right kidney was wrapped in a sheath 
of sterile cellophane secured at the hilus with 
metal clips. The cellophane produced a con- 
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Photographs of kidneys removed 


Fig. 1. 
from 4 animals operated upon to produce 


experimental renal hypertension. [A] Right 
kidney removed at autopsy from a monkey 
with blood pressure of 240/180, Note Salibi 
clamp on renal artery. The pins have been 
inserted through the aorta. [B] Monkey in 
which a clamp had been placed on the 
renal artery of the left kidney (small kid- 
ney) and the right had been wrapped in 
cellophane. [C] Right kidney that had been 
wrapped in cellophane fifty- five days be- 
fore removal from cat. [D] Cat kidney that 
had been wrapped in cellophane. The fi- 
brous wall has been partially stripped. 


stricting, perinephritic fibrous hull. All wounds 
were closed in layers, and the skin was su- 
tured. The femoral artery was exposed through 
a short incision and a 21-gauge needle inserted. 
The blood pressure was recorded directly with 
a pressure transducer and ink-writer.' 

In the early experiments, bilateral sterile 
Forbes windows made of stainless steel and 
glass’ were screwed into the calvarium over 
both frontoparietal regions after resection of 
the dura. In later experiments, insertion of the 
windows was delayed until after the systolic 
blood pressure had risen to 140 mm. because 
the dura grew over the exposed pia after sev- 
eral weeks and obscured the pial vessels. 

The pial circulation of both the normal and 
the ischemic hemisphere was observed and 
photographed repeatedly at magnifications of 
56 and 80! before and after the development 
of renal hypertension. If the dura grew over 
the pial field and obscured the vessels, the 
windows were removed and reinserted over a 
different site. In several animals, the retinal 
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vessels were also repeatedly observed with an 
ophthalmoscope and observations were noted 
on the protocols before and during hyperten- 
sion. 

The systolic blood pressure was measured 
daily with a sphygmomanometer connected to 
a pediatric blood pressure cuff wrapped around 
the lower abdomen; the point at which the 
femoral pulse disappeared, as determined by 
palpation, was recorded. At regular intervals 
of two weeks, and more frequently after the 
onset of hypertension, a needle was inserted 
into the femoral artery and the blood pressure 
was recorded directly through a small incision 
made in the skin. It was found that determi- 
nations of the systolic blood pressure made by 
palpation and those obtained by direct re- 
cording agreed within 10 mm. Hg. 

All animals received daily injections of strep- 
tomycin, penicillin, and 5 mg. of desoxycorti- 
costerone acetate (DOCA), with 1 tablespoon- 
ful of salt added to the drinking water each 
day. If hypertension resulted, any effects of 
removal and replacement of the DOCA and 
salt regimen on the blood pressure were noted.® 
Determinations of blood urea nitrogen were 
made once weekly in all animals by a micro- 
method with 0.2 cc. of blood (Dr. B. Zak, 
Department of Pathology, Wayne State Uni- 
versity and Detroit Receiving Hospital, kindly 
made possible the blood urea nitrogen deter- 
minations by his laboratory). In 4 hyperten- 
sive animals, any effects on the pial vessels 
of reduction of blood pressure by means of 
the intravenous injection of 100 yg. of sodium 
nitroprusside!®.!! were noted and compared to 
the effects of hypotension induced by the 
intravenous injection of hexamethonium or the 
removal and replacement of venous blood. 

In the cat with spontaneous hypertension, 
the pial blood flow and cerebrospinal fluid and 
blood pressures were continuously recorded 
while photographs were made of the pial ves- 
sels through the skull window. Pial blood flow 
was recorded with a thermistor, and the blood 
and cisternal cerebrospinal fluid pressures were 
recorded with pressure transducers and an 
ink-writing oscillograph." 

Uremia without hypertension was noted in 
5 animals, and photographs of the pial circu- 
lation and ophthalmoscopic observations were 
made for comparison with those from the hy- 
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PATHOGENESIS OF CEREBRAL VASOSPASM 


pertensive animals. The periods of observation 
of the latter varied from one to eight months. 
Autopsies were performed in all animals; any 
changes in the brain or viscera were noted, 
and representative sections of the brain were 
prepared for histologic observation. 


RESULTS 


Experiments were performed in 17 animals, 
12 monkeys and 5 cats. Chronic hypertension 
with a systolic blood pressure in excess of 
140 mm. Hg was induced in 6 monkeys and 
3 cats, in excess of 170 mm. in 5 animals, and 
in excess of 210 mm. in 2 cats and 1 monkey. 
Only 2 of the hypertensive animals became 
uremic terminally, 1 after severe reduction of 
blood pressure by removal of venous blood, 
resulting in renal infarction. In 5 animals, 
uremia without hypertension was observed. 

The Goldblatt and Page methods were both 
found satisfactory for producing hypertension. 
The Goldblatt method yielded results more 
rapidly, the blood pressure exceeding 210 
mm. Hg in 1 animal five weeks after opera- 
tion. However, the Page technic was more 
practical, since uremia occurred less frequent- 
ly. Renal hypertension was always accompa- 
nied by marked diastolic hypertension, usually 
comparable to the rise of systolic pressure, so 
that pulse pressure remained small. 

The daily injection of DOCA and the addi- 
tion of salt to the diet did not appear to affect 
the course of the hypertension, nor did this 
method of causing salt retention make any 
observable change in the pial vessels. All ani- 
mals received DOCA plus salt; however, 8 
animals did not become hypertensive because 
operation failed to produce satisfactory renal 
ischemia. Withdrawal and replacement of 
DOCA in hypertensive animals or in those 
with beginning hypertension did not appear 
to alter the course of the disease. 

It was arbitrarily decided to exclude from 
the hypertensive study any animals with blood 
urea nitrogen exceeding 45 mg. per cent be- 
cause renal insufficiency itself may cause se- 
vere cerebral circulatory effects. However, the 
animals with uremia in the absence of hyper- 
tension were studied in a similar manner for 
comparison with the hypertensive group. 

Hypertensive animals. Changes in the pial 
circulation in chronic hypertension. When the 
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Fig. 2. Concurrent records showing the ef- 
fect of intravenous injection of 100 yg. of 
sodium nitroprusside on the pial vessels 
[photos A and B], pial blood flow (T), cis- 
ternal pressure (CSFP), and carotid blood 
pressure (BP) of a cat with spontaneous hy- 
pertension. When photograph A was taken, 
at point marked A on the record, blood pres- 
sure was 175/145, large arteriole measured 
200 «. and side branch passing across the 
vein measured 44 ». When photograph B 
was taken, at point marked B, pressure was 
155/125, large arteriole measured 290 u, 
and side branch measured 88 u. 


blood pressure exceeded approximately 160/ 
110 mm. Hg, progressive constriction of the 
pial arterioles was noted to occur (Figs. 2 
through 6). The degree of constriction cor- 
related well with the degree of hypertension, 
that is, the higher the blood pressure, the 
greater was the degree of arteriolar constric- 
tion. In the monkey, constriction was diffuse 
from onset of its appearance (Figs. 5 and 6) 
but, in the cat, began as focal segmental nar- 
rowing (Figs. 7 and 8). The longer the dura- 
tion of the hypertension, the more marked was 
the arteriolar constriction. For example, Fig- 
ure 8A is a photograph of the pial circulation 
of a cat in which the blood pressure had be- 
come elevated to 210 mm. Hg ten days pre- 
viously; only moderate segmental constric- 
tion was evident in the arterioles. The photo- 
graph in Figure 8B was taken after the sys- 
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Fig. 3. Production of marked arterial dila- 
tion by sodium nitroprusside in a cat with 
chronic hypertension before blood pressure 
falls. [A] Pressure is 180/150, large arteriole 
measures 200 yw, and small one measures 
70 uw. [B] Ten seconds after intravenous in- 
jection of 100 ug. of sodium nitroprusside, 
pressure remains at 180/150 but large ar- 
teriole now measures 250 wu and small arteri- 
ole 70 u. [C] Three minutes later, pressure 
is 125/105 and arteriole is constricting, now 
measuring 210 uw. [D] Five minutes later, 
pressure has returned to 170/140 and ar- 
teriolar measurements are the same as in A. 


Fig. 4. Serial photographs showing the ef- 
fect of removal of venous blood and clamp- 
ing of thoracic aorta in a cat with spon- 
taneous hypertension (same animal as in 
Figures 2 and 3. [A] Blood pressure is 
180/150. [B] After withdrawal of 45 cc. of 
blood, pressure is 80/70 and marked ar- 
terial vasodilation begins. [C] After with- 
drawal of 48 cc., pressure is 65/60 and fur- 
ther dilation is evident. [D] After with- 
drawal of 55 cc., pressure is 55/45 and 
maximal dilation is seen. [E] Aortic clamp 
has been closed for eight seconds, and pres- 
sure is 100/75. [F] Sixty seconds after 
clamping of thoracic aorta, pressure is 
145/140 and arterial constriction is already 
marked. 


tolic blood pressure had remained elevated 
to 210 mm. for seventeen days; at this time, 
diffuse constriction of the arteriolar bed was 
sufficient to warrant the term “spasm.” Brain 
swelling, pallor of the cortex, and a few peri- 
vascular hemorrhages were also present. 

Brain swelling clearly preceded the arteriolar 
spasm and appeared to be an independent 
process, that is, arterial spasm was not essen- 
tial for the appearance of brain swelling, nor 
did brain swelling cause “spasm” of the pial 
vessels by compression. At necropsy, the swell- 
ing was less marked on the side of the ligated 
carotid artery than in the hemisphere with 
intact circulation (Fig. 9). The theoretic basis 
for development of brain swelling in hyper- 
tensive encephalopathy has been discussed 
previously.* It appears that, when the sys- 
tolic blood pressure is greatly increased, the 
rate of filtration in the arteriolar and capillary 
bed increases, since the increased intraluminal 
pressure in these small vessels exceeds the 
colloid osmotic pressure. Perivascular hemor- 
rhages were seen only in those animals in 
which the systolic blood pressure was elevated 
above 200 mm. for two or more weeks. 

Occasionally, in aged cats, spontaneous hy- 
pertension was noted with blood pressure in 
excess of 175/125 mm. Hg. In such animals, 
the pial vessels regularly show segmental con- 
striction.* The pattern of the changes in the 
pial vessels with renal hypertension was simi- 
lar to that seen in cats with spontaneous hy- 
pertension (Figs. 2 through 4). 

Renal excretory insufficiency did not appear 
to be responsible for the hypertensive arteriolar 
spasm because the blood urea nitrogen was 
normal during its development in 3 cats and 
3 monkeys. The degree of spasm of the cere- 
bral vessels was not apparently influenced by 
the addition or subtraction of dietary salt or 
the use of DOCA. Arteriolar spasm was pres- 
ent bilaterally, in both the hemisphere ren- 
dered ischemic by ligation of the carotid ar- 
tery and the other with intact blood supply. 
However, in some experiments, such as shown 
in Figure 6, the arteriolar spasm was consid- 
ered to be less marked on the side of the 
ligated carotid artery. In general, the appear- 
ance of the pial vessels in hypertension cor- 
related well with the appearance of those of 
the retina. 
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In cats with severe renal hypertension, evi- 
dence of increased irritability of the small ar- 
terioles was found, as shown in Figure 7. 
Photographs A and B were both taken in an 
animal with a measured blood pressure of 
260/180 and in which symptoms of hyper- 
tensive encephalopathy were present. Photo- 
graph A was taken before removal of the win- 
dow. Areas of segmental arteriolar spasm were 
visible, appearing as waist-like constrictions 
similar to those described by Byrom.” The win- 
dow was removed to see if pressure against it 
was the cause of the spasm. The mechanical 
pressure of the window against the vessels dur- 
ing removal resulted in the appearance of 
many more segmental and diffuse constrictions 
of arterioles. Earlier experiences in many hun- 
dreds of experiments in which similar or more 
severe mechanical stimulation of the pial ves- 
sels occurred has never resulted in such a 
marked degree of arteriolar spasm. Further- 
more, such marked arterial spasm has never 
occurred in experiments in which acute me- 
chanical hypertension of comparable levels 
was obtained by clamping of the thoracic 
aorta.! 

Photographs were taken before and after 
temporary removal of the skull windows in 
several animals with hypertensive spasm in 
order to decide whether direct pressure of the 
pial vessels against the windows was a contrib- 
uting factor. In all cases, the spasm was not 
relieved by removal of the windows and was 
clearly not a pressure artifact. In a few ani- 
mals in which severe hypertension persisted 
for many weeks, serial photographs showed 
increased tortuosity of the small arterioles. 

Effects of lowering of the blood pressure in 
hypertension by anemia or hypotensive drugs. 
In the animals with severe hypertension, nu- 
merous experiments were devoted to restoring 
the blood pressure to normotensive levels by 
the removal of venous blood or the use of the 
hypotensive agents hexamethonium and_ so- 
dium nitroprusside. A critical level of blood 
pressure above which “spasm” occurred and 
below which “spasm” was absent was not 
found. During the induction of hypotension, 
such as produced by the withdrawal of 60 cc. 
of venous blood from the femoral vein, the 
femoral blood pressure was continuously re- 
corded and repeated photographs were made 


Fig. 5. Photographs of pial circulation of 
a monkey in which renal hypertension had 
been ve the by operation thirty-five days 
earlier. Blood pressure measured 210/150 
at the time the photographs were made. R 
is a photo of the right hemisphere, L of the 
left. Large arteriole in R measures 150 yu. 
Diffuse arteriolar constriction is less marked 
on the right; right carotid artery had been 
ligated. 


Fig. 6. Series of photographs of sy circu- 
lation of a monkey before and after devel- 
opment of moderate renal hypertension. 
Photographic fields are comparable but at 
slightly different magnifications. A, B, and 
C are photos of right hemisphere, which was 
ischemic. D, £, and F are photos of hemi- 
sphere with intact circulation. Transverse 
artery in D measures 100 «x. A and D were 
taken on the day of renal surgery, when 
systolic blood pressure was 110; B and E 
were taken four days later, when pressure 
was 115. C and F were taken on the twenty- 
eighth day, when pressure was 170/120. 
Diffuse arteriolar constriction is greater in 
the left hemisphere with intact circulation. 
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Fig. 7. Increased irritability of arteriolar 
smooth muscle in a cat with severe renal 
hypertension. [A] Photograph of pial vessels 
of left hemisphere (circulation intact) with 
window in place. Blood pressure is 260/180. 
Black arrows show segmental spasm; white 
arrows show arterioles in which spasm was 
produced by mechanical stimulation in B. 
After removal of window and gentle pres- 
sure against the vessels. Black arrows indi- 
cate intense spasm. Pressure is still 260/180. 


of the pial circulation. The pial circulations of 
both the normal and the ischemic hemisphere 
reacted in a similar manner. During the re- 
moval of venous blood in animals with pres- 
sures above 200 mm., the first discernible ar- 
teriolar dilation appeared as the pressure fell 
to 110 mm. Hg and, at 80 mm., dilation was 
marked. When venous blood was slowly re- 
placed, the vessels began to constrict when 
the pressure returned to 120 mm. and con- 
tinued to do so until the entire volume had 
been replaced (Fig. 4). It was clear, how- 
ever, that the intraluminal pressure plays an 


Fig. 8. Progressive arteriolar spasm in a cat 
with renal hypertension. [A] Photograph of 
pial circulation taken when systolic blood 
pressure had been 210 for ten days. There 
is moderate segmental constriction. [B] Pho- 
tograph taken when systolic pressure had 
been 210 for seventeen days; marked and 
diffuse constriction, brain swelling, and peri- 
vascular hemorrhages are present. 
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important part in the spasm of chronic hyper- 
tension because clamping of the descending 
aorta after the removal of venous blood, and 
before its replacement, resulted in marked ar- 
terial constriction (Fig. 4E and F). 

Intravenous injection of sodium nitroprus- 
side in animals with severe hypertension also 
produced marked dilation of the constricted 
pial arterioles before the blood pressure began 
to fall (Fig. 2). This was accompanied by a 
slight increase in pial blood flow and an in- 
crease in cerebrospinal fluid pressure. As the 
sodium nitroprusside was excreted, the pial 
arterioles began to constrict before the blood 
pressure had risen to resting levels (Fig. 3). 
The dilation amounted to as much as 100% 
or more in vessels of 80 to 100 » (Fig. 2). 

Hexamethonium caused changes compara- 
ble to those seen with anemically induced hy- 
potension—progressive arteriolar dilation be- 
ginning when the blood pressure had fallen 
below 130 to 150 mm. Hg. As in anemically 
induced hypertension, there did not appear to 
be a critical level of blood pressure above 
which spasm appeared and below which it 
was absent. 

“Clinical” signs of hypertensive encephalop- 
athy. Although marked changes in the pial 
vessels occurred in all hypertensive animals, 
in only one animal, a cat, could neurologic 
signs be definitely attributed to hypertensive 
encephalopathy without uremia. The protocol 
of this animal will be briefly summarized be- 
cause the pattern of circulatory events is rep- 
resentative of all the animals that became hy- 
pertensive. 

The blood pressure before surgery (Page 
technic) was 100/80. Twenty-eight days after 
surgery, the systolic blood pressure was 155 
mm. Eighty-three days after surgery, the sys- 
tolic blood pressure was 230 mm. by palpa- 
tion. The pupils were dilated and failed to 
react to light. The ratio of arteries to veins in 
the retina was 1:3; normal is 1:2. The brain 
appeared swollen and pale, with narrowing 
of the pial arterioles similar to that seen in 
the retina. The blood urea nitrogen was 33 
mg. per cent. Ninety days after surgery, di- 
rectly recorded blood pressure was 260/80; 
the pupils remained dilated and fixed to light, 
and weakness of the legs and disturbance of 
gait were seen. Retinal and vitreous hemor- 
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per cent at the time of death. At autopsy, the 
heart was greatly enlarged, the left ventricle 
being 1 cm. thick (Fig. 9). Moderate peri- 
cardial effusion was noted, and the lungs were 
congested. The brain was swollen, particularly 
over the left hemisphere; the right carotid ar- 
tery had been ligated (Fig. 9). The remain- 
ing kidney was greatly hypertrophied and sur- 
rounded by a thick fibrous capsule. Linear 
hemorrhages were present in the parenchyma, 
which appeared pale (Fig. 9). In animals 
with longstanding hypertension, hypertrophy 
of the left ventricle of he heart similar to that 
shown in Figure 9 was a constant finding. 
Uremic encephalopathy. All the uremic 
animals had neurologic symptoms, including 
nausea, vomiting, lethargy, drowsiness, coma, 
ataxia, vertical and lateral nystagmus, paresis, 
myoclonic jerks, excessive salivation, dilated 
pupils, and retinal and vitreous hemorrhages. 
The brain beneath the skull windows appeared 
pale and swollen, with moderate narrowing of 
pial arterioles and veins (Fig. 10). In some 
animals, this was probably due in part to 
hypotension (blood pressure of 70 to 100 


Fig. 9. Appearance of the brain, heart, and 
ilioor in a cat dying of severe hypertension 
and hypertensive encephalopathy. Blood 
pressure was 260/180 before death. Brain 
is diffusely swollen and pale; swelling is 
greater in the left hesahitiens (intact cir- 
culation) than in the right. Heart shows 
marked left ventricular hypertrophy. Left 
i kidney had been removed and right kidney 
wrapped in cellophane some months before. 
Black arrow indicates thick fibrous hull and 
cellophane around hypertrophied kidney. 
White arrow indicates a ee 
hemorrhage that occurred after blood oa 
sure was transiently lowered by removal and 
replacement of 80 cc. of venous blood. 


rhages were noted in both eyes, and the ret- 
inal ratio of arteries to veins was 1:4. The 
brain beneath the skull windows appeared to 
be swollen, pale, and yellowish, with recent 
and old ball-shaped perivascular hemorrhages 


around the pial vessels. Addition of salt to the 
drinking water and daily intramuscular injec- 
tion of DOCA did not influence the course of 
the hypertension. Blood urea nitrogen deter- 
minations remained normal until the blood 
pressure was reduced by removal and replace- 
ment of venous blood while the pial vessels 
were photographed. This caused infarction of 
the remaining kidney followed by a rise in 


blood urea nitrogen, which reached 170 mg. 


Fig. 10. Pial circulation in uremia. A is a 
photograph of the right hemisphere and B 
of the left in a cat with a systolic blood 
pressure of 120 and a blood urea nitrogen 
of 170 mg. per cent. Large arteriole meas- 
ures 1004. Note perivenous and _peri- 
arterial hemorrhages in B. C is a photo of 
the right hemisphere and D of the left in 
a cat with a systolic pressure of 80 and a 
blood urea nitrogen of 150 mg. per cent. 
Main trunk of arteriole in D measures 75 x. 


In all photographs, the brain is pale and 
swollen. 
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mm.), which was present terminally in all 
animals. Arteriolar spasm was never seen in 
uremia in the absence of hypertension. Peri- 
vascular hemorrhages in the brain were seen 
through the skull windows and were also noted 
in the retina in uremic animals that had never 
been hypertensive (Fig. 7B). At necropsy, 
most of these animals showed pleural, peri- 
toneal, and pericardial effusions, hemorrhagic 
pericarditis, hemorrhagic enteritis, and ana- 
sarca. The cause of the renal failure was in- 
variably renal ischemia and infarction (Figs. 
1 and 9). 


DISCUSSION 


The cause of cerebral arteriolar constriction 
in chronic hypertension has been studied in 
monkeys and cats. Only 1 cat had spontaneous 
hypertension of nonrenal origin; in the others, 
renal hypertension was produced by either the 
Goldblatt or Page technic in 60% of the ani- 
mals operated upon. The main cause of op- 
erative failure was uremia, which developed 
in 5 animals. Serial photographs of the pial 
circulation permitted correlation of the level 
of blood pressure with the appearance of pial 
arteriolar constriction. Separate studies of 5 
animals that became uremic without hyper- 
tension were made for comparison with the 
hypertensive group. 

No definite and critical level of blood pres- 
sure above which arteriolar constriction ap- 
pears was found, but, in general, when the 
blood pressure reaches 160/110 mm. Hg, pro- 
gressive arteriolar constriction appears. Con- 
striction is most evident in the small arterioles 
of 40 to 100 » in internal diameter, although 
larger arterioles participate. Hypertensive ar- 
teriolar constriction begins segmentally in the 
cat and is similar to that reported in the rat? 
but is diffuse from onset in the monkey. The 
higher the blood pressure and the longer the 
duration of the hypertension, the more marked 
becomes the arteriolar spasm. When the sys- 
tolic blood pressure remains in excess of 200 
mm. Hg for three weeks and is accompanied 
by a proportionate rise in diastolic pressure, 
arterial spasm becomes diffuse and_perivas- 
cular hemorrhages commonly appear. Brain 
swelling precedes the arteriolar spasm and is 
a direct effect of increased intraluminal pres- 
sure resulting in increased filtration from the 
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vascular bed. Symptoms due to hypertensive 
encephalopathy, such as dilated and fixed pu- 
pils, gait disturbance, and retinal hemorrhages, 
were present in only 1 animal but correlated 
well with observations of the pial vessels. In 
this animal, the arteriolospasm and brain swell- 
ing were more marked than in any other ex- 
periment. 

Ligation of one carotid artery before de- 
velopment of hypertension did not entirely 
protect the ischemic hemisphere from brain 
swelling or arteriolar spasm, but, in all in- 
stances, the brain edema and_ occasionally 
the arteriolar spasm were less marked in the 
ischemic hemisphere than in the one with in- 
tact blood supply. Presumably, this is because 
ligation of the carotid artery reduces the intra- 
luminal pressure in its territory of supply. 

The following factors must be considered 
in the mechanism of hypertensive cerebral ar- 
teriolar spasm. 

Increase in intraluminal pressure appears to 
be an important but not the sole factor re- 
sponsible for spasm. An approximate but not 
an exact correlation exists between the level 
of blood pressure and the appearance of cere- 
bral arteriolar constriction. If intraluminal 
pressure were the only factor, closer correla- 
tion might be expected. For example, intrave- 
nous injection of sodium nitroprusside caused 
marked arteriolar dilation before any fall in 
blood pressure occurred, while removal of 
venous blood caused marked dilation only 
after the blood pressure had been reduced to 
very low levels (80 mm. Hg). The response 
to hypotension caused by the intravenous in- 
jection of hexamethonium was in between 
these extremes. Furthermore, it has been 
shown previously that the same degree of 
spasm seen in renal hypertension cannot be 
achieved by elevating blood pressure to com- 
parable levels by purely mechanical means.! 

A circulatory vasoconstrictor factor appears 
to play an important role because arterial con- 
striction increased with time while the blood 
pressure remained elevated at a fixed level. 
Furthermore, spasm appeared in the distri- 
bution of a vessel that had been ligated, which 
reduces the intraluminal arterial pressure in 
that region. In addition, clamping of the de- 
scending aorta with the production of marked 
hypertension does not cause cerebral arteriolar 
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spasm in normal animals but does produce 
such spasm in hypertensive animals rendered 
normotensive by blood loss. Finally, intra- 
venous injection of sodium nitroprusside re- 
sulted in sudden relaxation of arterial spasm 
before blood pressure fell, suggesting the in- 
hibition of a pharmacologic factor. Such a 
circulating vasoconstrictor factor is present 
with experimental renal hypertension.': 

Brain swelling with vascular compression 
played no role in the production of arteriolar 
constriction, since it was present whether the 
skull was closed or opened by removal of the 
windows. It is possible that, in terminal hyper- 
tensive encephalopathy, brain swelling even- 
tually causes vascular compression.!:'5:17 

Increased irritability of cerebral arterial 
smooth muscle can be demonstrated to be 
present in severe renal hypertension, since 
light mechanical stimulation results in marked 
segmental arterial constriction not seen in nor- 
motensive animals even with stimulation of a 
much coarser nature. It is probable that this 
increased irritability of cerebral arterial smooth 
muscle results from a specific pharmacologic 
effect of a circulatory vasoconstrictor factor 
present in renal hypertension. 

In uremic encephalopathy, damage to cere- 
bral vessels occurs in the absence of hyper- 
tension, resulting in brain swelling and _peri- 
vascular hemorrhages. Presumably, in renal 
excretory insufficiency, a circulating toxin ac- 
cumulates which causes arteriolonecrosis. 


CONCLUSIONS 


In experimental renal hypertension in the 
cat and monkey and in spontaneously occur- 
ring hypertension in the cat, cerebral arteriolar 
constriction and spasm result from a circulat- 
ing vasoconstrictor factor that renders the 
smooth muscle of the arteriolar wall of cere- 
bral vessels increasingly irritable, so that they 
respond to a normal or raised intraluminal 
pressure by excessive constriction. This ex- 
cessive “Bayliss effect”!® can be counteracted 
by lowering of the blood pressure. The most 
effective method is by intravenous injection 
of sodium nitroprusside, which has a direct 
paralytic effect on the smooth muscle of small 
arteries and counteracts the effect of any cir- 
culating vasoconstrictor factor while lowering 
the blood pressure. Since the arterioles in the 
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territory of an occluded cerebral vessel con- 
strict in severe hypertension, the collateral 
circulation is reduced and the territory sup- 
plied by an occluded vessel may be rendered 


more ischemic. 


Technical assistance for this study was provided by Mr. 
Peter Miller. Dr. James Landers kindly reviewed the histo- 
logic sections of the brain, eye, and kidneys. Unquestion- 
able fibrinoid necrosis of arterioles (focal arteriolar necrosis) 
was found in only one animal (a monkey) with longstand- 
ing renal hypertension. 
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Restless legs syndrome 


K. A. Ekbom, M.D. 


In 1944, I described an old, almost completely 
ignored syndrome, which I have denoted “rest- 
less legs.” 1-§ Its clinical features are simple 
and easily recognized. The syndrome is so 
common and causes such suffering that it 
should be known to every physician. The de- 
scriptions given in the textbooks are, with few 
exceptions, sparse and partly inaccurate. I 
therefore intend to give a survey of this syn- 
drome, based on 175 personal cases, as well 
as an account of some recent observations. 


HISTORY 


The oldest hitherto known description of the 
syndrome was found by Critchley,® who wrote: 

“Few medical men know that Ekbom’s 
syndrome was graphically described in the 
17th century by that great clinical neurologist, 
Thomas Willis. In 1695, he wrote: “Wherefore 
to some, when being a Bed they betake them- 
selves to sleep, presently in the Arms and 
Leggs, Leapings and Contractions of the Ten- 
dons, and so great a Restlessness and Tossings 
of their Members ensue, that the diseased are 
no more able to sleep, than if they were in a 
Place of the greatest Torture.’ ” 

Actually, this description is of even earlier 
date. It is found in the first edition of Willis’ 
book,’® published in 1685. Critchley quoted 
the second edition, printed in 1695. The next 
oldest known description is that of Witt- 
maack"! from 1861. He devoted one page to 
an account of “die von den ilteren Aerzten so 
genannte Anxietas tibiarum.” It can be in- 
ferred that still earlier descriptions of this con- 
dition are to be found, but I have been unable 
to trace them. Wittmaack regarded anxietas 
tibiarum as a common symptom of hysteria. 

Another early description was given by 
George M. Beard’? in his book on neuras- 
thenia: 

“Fidgetiness and nervousness, inability to 
keep still—a sensation that amounts to pain— 
is sometimes unspeakably distressing. When 
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the legs feel this way, the sufferer must get 
up and walk or run, even though he be debili- 
tated and is made worse by severe exercise.” 
The complaints were interpreted as “one of the 
myriad results of Spinal irritation.” 

Oppenheim" in his Lehrbuch der Nerven- 
krankheiten writes in the chapter on neuras- 
thenia: 

“Eine besondere Art subjektiver Empfin- 
dungsstérungen ist die Unruhe in den Beinen; 
sie kann zu einem quilenden Ubel werden, 
Jahre und Dezennien bestehen und sich ver- 
erben resp. familiir auftreten. In Oppenheims 
Beobachtungen spielte das psychische Moment 
eine grosse Rolle.” 

The symptoms were thus interpreted as “hys- 
terical” or “neurasthenic” and were accorded 
little interest. 

In 1940, Mussio-Fournier and Rawak"* re- 
ported a case of a syndrome consisting of 
pruritis, urticaria, and “a hyperkinesis of the 
lower extremities caused by paresthesias ap- 
pearing during rest.” The patient’s mother and 
a sister had the same symptoms. Allison,!° in 
1943, gave a brief account of “a common 
minor ailment,” which he denoted “leg jitters.” 

Since 1945, a number of reports on restless 
legs have been published. The most compre- 
hensive publication is the well-written thesis 
of Jolivet,!® inspired by Bonduelle. On broad 
lines, it can be said that nothing essentially 
new has been forthcoming. An important ex- 
ception is Ask-Upmark’s'™-18 and Nordlander’s 
19-21 observations of restless legs in anemia. 


CLINICAL FEATURES 


The salient symptom is peculiar creeping 
or crawling sensations most frequently local- 
ized to the lower leg, between the knee and 
ankle. They are fairly often present in the 
thigh as well and, sometimes, in the feet. Oc- 
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casionally, they are confined to the knees or 
feet. As a rule, the sensations are bilateral and 
symmetric, but a preponderance on one side 
may occur. In certain cases, a creeping sensa- 
tion is felt alternately in the right and left 
leg but not in both at once. Involvement of the 
arms, but seldom the hands, may occur but 
is less severe and less common than that of the 
legs. The creeping sensations are not felt in 
the skin but deep inside, in the muscles or 
“bones.” 

The patients describe their sensations in a 
variety of ways, for example as something 
creeping, pulling, or stretching in their legs. 
The legs are so restless that they cannot be 
kept still. Graphic descriptions are sometimes 
heard, such as “It feels as if my whole leg was 
full of small worms” or “as if ants were running 
up and down in my bones,” or “It feels like 
an internal itch.” Many patients spontaneously 
use the expression “creeping sensation,” but 
even intelligent patients often have difficulty 
in describing their symptoms. This is evidently 
due to the fact that the sensations do not 
resemble any known phenomenon that can be 
used as a comparison. For instance, they are 
not the same as those felt when a leg “goes 
to sleep.” All the patients are, however, in 
agreement on two points: first, that, as long 
as the sensations last, it is impossible to keep 
their legs still, and, second, that the condition 
is exceedingly unpleasant. “It is a diabolical 
feeling.” “I would not wish it on my worst 
enemy.” “It spoils my whole life.” “It is worse 
than any ordinary illness.” Severe creeping 
sensations can produce general irritation or 
despair. “I get so angry that I swear” was the 
statement of a soldier. An otherwise well- 
balanced hospital nurse said: “I get so hysteri- 
cal that I weep.” 

The creeping sensations in the arms are of 
exactly the same kind as those in the legs. 
They should not be confused with acropares- 
thesias, as they sometimes are. 

Some patients speak of pain, but, on care- 
ful questioning, they generally admit that it 
is a matter of discomfort rather than of actual 
pain. However, in certain cases, true pain 
does, in fact, occur as a dull ache of slight 
to moderate intensity. As a rule, a patient with 
pain has creeping sensations as well, either 


concurrently with the pain or alternating with 
it. In some cases, the aching occurs alone, 
without creeping sensations. 

The cases of restless legs may be divided 
into two groups, one in which the salient 
symptoms is creeping sensations and another 
smaller group that usually suffers pain. The 
present paper deals chiefly with the former 
group. 

The most characteristic feature is not, how- 
ever, the quality and localization of the sensa- 
tions but the way in which they appear. Thus, 
they appear only when the limbs are at rest 
and are relieved by movement. They are al- 
most invariably worse in the evening and at 
night. 

In the daytime, the discomforts may dis- 
appear completely but often start when the 
patients have to sit still for any length of time, 
especially in the evening, and when they are 
tired. The sensations are worst on train jour- 
neys and at lectures, the theater, and movies. 
In some cases, the sensations occur only during 
boring films. Others are forced to leave even 
the most exciting performance. Some patients 
state that they never have a moment's peace. 
They can never sink into an armchair and 
relax. They cannot sit still at a bridge table 
or a dinner party. Their discomforts force them 
to walk up and down constantly, “like a lost 
soul,” as one young woman said. However, 
most patients regard the creeping sensations 
during the daytime as only a minor discomfort. 
They do not become unbearable until the pa- 
tients have gone to bed. 

The creeping sensations start a short time 
(five to thirty minutes, sometimes more) after 
the patient gets into bed. In mild cases, they 
soon cease. In moderately severe cases, they 
last for some hours. In the severest cases, they 
persist, with interruptions, until 3, 4, or 5 
a.m. or even longer. However, as a rule—even 
in extremely severe cases—they finally cease, 
so that the tormented patient gets at least one 
or two hours’ sleep in the morning. 

When the creeping sensations start, it is im- 
possible to keep the legs still. Only in the 
mildest cases can the patients go to sleep 
despite the discomfort. Otherwise, they lie 
kicking or moving their legs around or massag- 
ing them. They often have to get up and walk, 
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“like a caged bear,” to quote one of my pa- 
tients, or they go into the kitchen and get 
something to eat. Others sit and smoke, knit, 
read, or play patience, kicking all the time. 
One middle-aged woman in my series used to 
dance the Charleston in her bedroom. 

After a time ranging from a few minutes to 
an hour or more, the creeping sensations cease 
and the patient returns to bed. He may fall 
asleep. Often, however, the sensations re- 
appear after an interval, and the patient has 
to get up and wander around again. This may 
be repeated many times during the night. One 
woman told me that she had to keep moving 
for half an hour. The creeping sensations soon 
stopped when she was walking but returned 
as soon as she got into bed. If, on the other 
hand, she kept moving for half an hour, the 
sensations ceased long enough for her to fall 
asleep. Even when the patients finally go to 
sleep, they may be awakened again by their 
discomforts. Others do not wake up but kick 
in their sleep, often to such an extent that the 
spouse is kept awake. 

Restless legs are an important cause of 
severe insomnia. It is usually claimed that 
insomniacs sleep more than they actually be- 
lieve. I have hospitalized several patients with 
restless legs for observation, and they have 
wandered up and down the corridors at night. 
There is, in fact, no doubt that these patients 
sleep just as badly as they say. It is not sur- 
prising that many patients complain bitterly 
about their ailment: “It is so dreadful that I 
scarcely dare to go to bed.” 

Heat and cold have no constant effect. Most 
patients do not like heat. The discomforts 
sometimes increase in patients obliged to sleep 
in their clothes, for example, soldiers. Certain 
patients stick their legs out of the blankets 
or pour cold water over them. One man in ™ 
series used to walk barefoot in the snow on 
his balcony. Some, on the other hand, find 
heat comforting and sleep with socks on their 
feet or with a hot-water bottle. Others find 
a hot bath helpful. Several patients have told 
me that the discomforts disappear when they 
have fever. One woman, for instance, stated 
that the creeping sensations never appeared 
when she had a temperature of 39° c. or 
above, whereas 38° C. was not sufficient to 
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prevent them. Lying with the legs raised is 
seldom helpful. 

Psychic factors are of some importance. 
Some patients experience creeping sensations 
during films, television programs, and lectures 
only when they are boring. Neurotics often 
complain bitterly— and apparently in an exag- 
gerated way—about a whole series of symp- 
toms, of which restless legs may be one. How- 
ever, the majority of my patients have been 
calm, well-balanced persons without mental 
disturbances. A tendency exists to belittle 
symptoms of the type of restless legs. They are 
dismissed as “psychogenic” or “nervous.” Many 
patients state that they are ashamed to talk 
about their discomforts to other persons. As a 
rule, this only results in their being laughed 
at. They are touchingly grateful at being taken 
seriously. One of my patients stated that his 
wife used to say to him: “Keep your legs still; 
it’s only imagination.” During pregnancy, she 
also had creeping sensations in her legs. She 
then apologized to her husband and said, 
“Now I know how dreadful it feels.” 

The creeping sensations are the most regu- 
larly occurring clinical feature. As already 
mentioned, some patients have pain in the 
legs, which may also feel tired, heavy, and 
weak. The feet or lower legs are often cold. 
A few patients in my series complained of 
burning sensations in the soles of their feet 
at night or a cramp in the calf. I do not in- 
clude the two last-mentioned symptoms in the 
syndrome of restless legs even though it is 
possible that some relation exists. 


PHYSICAL SIGNS 


No neurologic abnormalities have been 
demonstrated. Several patients in my series 
had iron deficiency with or without anemia. 
Of 77 unselected severe cases, 19 had a serum 
iron level below 60 yg. per 100 cc. 


COURSE AND INTENSITY 


All transitions from mild to exceedingly 
severe cases are found. The former have slight, 
occasional creeping sensations of short dura- 
tion, generally in the evening after a tiring 
day or on long journeys. The nights may be 
entirely free from discomfort. In the severest 
cases, the creeping sensations persist for prac- 
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tically the whole night, night after night, year 
after year, often for decades. As a rule, the 
history is of many years’ duration, with better 
and worse periods. Long asymptomatic inter- 
vals may occur. Mild cases may become 
severe and vice versa. Women generally notice 
an exacerbation during pregnancy. The ail- 
ment may have its onset at any age. Some 
patients state that their sensations appeared 
before they were 10 years of age. In my series, 
the highest age at onset was 82 years. 

The mild cases are rather common. Thus, 
I found such symptoms in 5% of a “normal 
series” consisting of 500 healthy subjects. The 
incidence was about the same in men and 
women, with no preponderance in any partic- 
ular age group.? Such persons do not seek 
medical advice and, as a rule, are not greatly 
inconvenienced by their symptoms. 

The moderately severe and severe cases are 
less common than the mild ones but are by 
no means rare. Thus, during a fifteen-year 
period, I have collected 175 typical cases, 
many of them truly severe. Of these patients, 
72 were men and 103 women. Nearly all of 
them consulted me because of their leg dis- 
comforts alone. 


DIAGNOSIS 


Diagnosis is generally easy if the existence 
of the syndrome is known and the patient is 
able to describe his symptoms. The following 
criteria should be borne in mind. The sensa- 
tions appear only when the patient is at rest, 
most often in the evening and early part of 
the night, and produce an irresistible need to 
keep the legs moving. Furthermore, the sensa- 
tions are not felt in the skin but deep down 
inside the legs. 

Although meralgia paraesthetica has been 
mistaken for restless legs, there is no resem- 
blance between these two diseases. Masland?? 
has described myokymia as a cause of restless 
legs. I have also seen a few patients who have 
been irritated by myokymias in the legs, par- 
ticularly in the calves. They resemble the 
fasciculations in amyotrophic lateral sclerosis 
but are of an innocent nature. This phenom- 
enon has no relation to the syndrome of rest- 
less legs and should not be confused with it. 
Martin?* has described a condition that he 
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calls acroparesthesia in the lower limbs. He 
has, in my opinion, confused acroparesthesia 
and restless legs. It is beyond the scope of this 
paper to discuss all the different pathologic 
conditions associated with paresthesia or pain 
in the legs. In most cases, they are easily dis- 
tinguished from restless legs. 

Nevertheless, certain patients have symp- 
toms which are more like those in restless legs 
syndrome than in any other condition but 
which present some atypical features. For 
example, the symptoms may be purely uni- 
lateral, or they may be felt during the whole 
day, even when the patient is in motion. They 
may be localized to the skin instead of deep 
inside the leg. The same diagnostic difficulty 
applies to other diseases in which the diagnosis 
is based essentially on the history. Migraine 
and trigeminal neuralgia, for instance, are well 
defined, easily recognizable syndromes. How- 
ever, in practice, there are certain cases with 
more or less atypical features in which the 
diagnosis remains open to question. In the 175 
cases on which the present paper is based, I 
have not included diagnostically uncertain 
cases with atypical features or cases in which 
the clinical picture was dominated by pain. 
It is especially the cases with pain which often 
have atypical features and may present great 
diagnostic difficulties. Details of these cases 
and a survey of the different kinds of pares- 
thesias can be found in my monograph.? 
Growing pains in children may be a form of 
restless legs or an ailment related to this syn- 
drome.” 


ETIOLOGY 


In most cases, the syndrome of restless legs 
occurs as an apparently independent disease 
with a course of many years’ duration and 
no definitely known cause. Heredity is impli- 
cated,?:!814 because I have seen several fam- 
ilies in which a dominant heredity seemed 
probable. I also have observed a pair of mono- 
zygotic twins who both had mild restless legs. 
Their mother had severe symptoms of the same 
kind. Restless legs often appear during the 
last half or trimester of pregnancy,?:'*.24 but, 
as a rule, the sensations disappear soon after 
delivery. The syndrome has also been observed 
in association with poliomyelitis?® and other 
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infectious diseases, avitaminosis (burning-feet 
syndrome in prisoners of war in Japanese 
camps),?® anemia of different 
diabetes,?! lengthy exposure of the legs to 
cold,* and intake of certain drugs (prometh- 
azine and prochlorperazine). 

I found the incidence of restless legs in 
pregnant women to be 11%. In patients with 
iron deficiency (less than 60 yg. per 100 cc.), 
the incidence was 24%. In most cases, the 
symptoms were mild. Restless legs were the 
presenting symptom in 3 cases of carcinoma.? 


PATHOGENESIS 


Where and how the sensations develop is 
not known. Certain authors!®15.25 consider 
that the disease originates in the spinal cord. 
Others?:* believe that there is a disturbance 
at some site in the limbs. The symptoms are 
relieved by vasodilator drugs, fever, and move- 
ment and are made worse by anemia. These 
facts indicate that there may be an accumula- 
tion of metabolites in the tissues as a result 
of anemia or local ischemia. 


THERAPY 


In those cases in which no etiologic factor 
such as anemia is demonstrable, the patient 
should be given a vasodilator drug for at least 
a month. In my experience, Priscoline (1 to 2 
tablets three times a day), Ronicol (2 tablets 
three times a day), or carbachol (2 2-mg. 
tablets three times a day) ameliorates the 
creeping sensations in 2 out of 3 patients.?- 
Carbachol and Priscoline gave improvement 
more often than placebos.? Good results have 
also been reported with Dilvaséne*® and Hex- 
anicit (meso-inositol hexanicotinate).*! If no 
improvement has taken place after a month, 
another of the aforementioned preparations 
should be tried instead. Sometimes, a certain 
medicine seems to be helpful for a time but 
is subsequently ineffective. It is therefore ad- 
visable to alternate different preparations. 

If the symptoms are sporadic, nitroglycerin 
is worth a trial.!° The dose is 0.5 to 1 mg. of 
nitroglycerin sublingually as soon as the creep- 
ing sensations start. This may give relief with- 
in a few minutes. 

In patients with anemia due to iron defi- 
ciency, intravenous injection of iron has a good 
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effect.!® I have treated 10 patients with serum 
iron levels less than 60 yg. per 100 cc. with 
iron injections, and the results were highly 
satisfactory in every case. My experience with 
oral iron and with iron therapy in patients 
with normal serum iron is still limited. No 
contradiction is implied by the fact that both 
iron and vasodilator drugs are effective. In 
angina pectoris with sideropenia, improvement 
can result from both nitroglycerin and iron.*? 

Ascorbic acid,** aldehydes,?* dextran,!®.?° 
and Arfonad, a histamine-liberator,3* are other 
therapeutic media recommended. Unilateral 
lumbar sympathectomy was performed in one 
unusually severe case in my series. The leg 
became warmer, but the creeping sensations 
were not lessened. 

In many cases, none of the aforementioned 
preparations is helpful. It is then necessary to 
resort to purely symptomatic therapy with 
analgesics, sedatives, and hypnotics. Such 
drugs may be effective, particularly in fairly 
mild cases. It should be remembered that 
promethazine makes the symptoms worse. In 
the really severe cases, barbiturates have no 
effect. Such patients state that they are unable 
to sleep despite large doses. They cannot stay 
in bed but stagger around the room like drunk- 
ards. One of my patients could not even keep 
on his legs but “crept around on the floor like 
a caterpillar.” Some patients say that they 
never dare to take a sleeping drug because 
this prevents them from walking about at 
night, their only means of obtaining relief. 

Narcotics such as codeine, dihydrocodei- 
none, opium, and Eucodal have a considerably 
better symptomatic effect than barbiturates. 
Opium was already used by Willis'® (1685) 
with good results in one case. I have seen 
certain patients who have taken a narcotic 
orally every night for years. Some of them did 
not need to increase the dose. In a few cases, 
true narcomania, although of moderate degree, 
finally appeared, with gradually increasing 
doses. The use of narcotics should be avoided 
in restless legs syndrome. Once the patients 
have started to use them, they are extremely 
difficult to treat. Abstinence then exacerbates 
the leg symptoms. I nevertheless believe that 
it may sometimes be justified to give codeine 
or opium in desperate cases. 


RESTLESS LEGS SYNDROME 


To sum up, it can be stated that some cau- 
tion must be observed in judging the thera- 
peutic results. Not only are the symptoms 
purely subjective, but spontaneous remissions 
occur. Certain patients, especially those with 
aching pain, are resistant to all hitherto known 
therapeutic media. Although the many mild 
cases require no specific therapy for their leg 
discomforts, it must be ascertained whether 
they are suffering from anemia or iron defi- 
ciency. 


SUMMARY 


The salient symptom of restless legs syn- 
drome is unpleasant creeping sensations in the 
legs and, sometimes, the arms as well. They 
are not felt in the skin but deep inside, in the 
muscles or bones. They appear only during 
rest and produce an irresistible need to keep 
the limbs in motion. As a rule, there is no pain, 
but some patients have a dull ache. The symp- 
toms generally occur in the evening and early 
part of the night and may be the cause of 
severe insomnia. The course is of many years’ 
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duration, sometimes with spontaneous remis- 
sions. All transitions from mild to extremely 
severe cases with almost complete insomnia 
are found. 

The present paper is based on 175 personal 
cases, 72 men and 103 women. Nearly all the 
patients sought medical advice because of their 
leg discomforts alone. In many cases, one or 
several of the patient's relatives had restless 
legs. In most cases, examination disclosed noth- 
ing pathologic, but iron deficiency was found 
in 19 of 77 unselected patients. The symptoms 
may be exacerbated by anemia and iron defi- 
ciency. Restless legs were the initial symptom 
in 3 cases of carcinoma with sideropenia. Rest- 
less legs fairly often occur in the later stage of 
pregnancy. The pathogenesis is unknown, but 
the ailment is not psychogenic. 

The sensations usually disappear in the 
presence of fever. Vasodilator drugs often have 
a favorable effect. In patients with iron defi- 
ciency, a course of iron injections generally 
produces improvement or cessation of the 
symptoms of restless legs. 
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A note on warm and cold spots 


R. F. Kibler, M.D., and P. W. Nathan, M.D. 


Tuus Far, two hypotheses have been put 
forward to account for the features of cutan- 
eous sensibility: an older one based on the 
presence of morphologically distinct end or- 
gans, and a newer one holding that the im- 
portant element of sensibility is the pattern set 
up in the central nervous system by the im- 
pulses conveyed by various nerve fibers. 

The older hypothesis, usually associated with 
the names of von Frey and Goldscheider, pro- 
poses that there are certain basic modalities of 
sensation, each of which is subserved by a mor- 
phologically distinct end organ with its sep- 
arate peripheral nerve fiber system. Stimula- 
tion of this end organ or its nerve fibers can 
give rise only to that modality of sensation 
subserved by this system. 

The newer hypothesis has evolved largely 
from the recent work of Weddell and his asso- 
ciates.'“" They have shown that the previously 
described specific end organs are not necessary 
for the appreciation of these sensory modal- 
ities. In hairy skin, which covers more than 
90% of the body, all organized or encapsulated 
endings may be absent and yet all forms of 
cutaneous sensibility are present. In the human 
lip, for instance, Hagen, Knoche, Sinclair, and 
Weddell! showed that “temperature sensibility 
is equally acute on either side of the red 
margin, that is, in both hairy and glabrous 
skin. No encapsulated nerve end-organs are 
seen in the hairy skin, but they abound in the 
mucous membrane.” Weddell and his associ- 
ates do not deny that warm and cold spots 
can be found, or, in other words, that the skin 
can be stimulated in such a way as to bring 
out in one small area a greater sensitivity to 
one kind of stimulation than to another, but 
they deny that this sensitivity is due to the 
presence of a morphologically distinct end 
organ. They do not deny the existence of some 
of the previously described end organs, but, 
since they found that all forms of sensation 
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can be experienced without the presence of 
these end organs, they insist that such struc- 
tures are not necessary for the appreciation of 
cutaneous stimuli. Although these authors do 
not seem to have considered what the function 
of the various described end organs is, it re- 
mains feasible to consider that they do play 
some role in providing information about the 
environment. 

The new hypothesis this school proposes is 
that all the varieties of sensation that man can 
describe can be or are subserved ultimately by 
free nerve fibrils. The variables concerned are 
the number of fibers firing; the conduction rate 
of the fibers; their thresholds to stimulus in- 
tensity; their characteristics of refractoriness, 
adaptation, and after-discharge; and the fre- 
quency with which the fibers are induced to 
convey impulses. Any given nerve fiber is con- 
ceived as conveying impulses set off by various 
forms of stimulation. On this hypothesis, the 
recognition of the nature of a stimulus is a 
function of certain parts of the brain adapted 
to deal with spatial and temporal patterns of 
arriving impulses. Probably, the recognition of 
such patterns is learned during the early years 
of life, though the mechanism necessary for 
this function may be innate. It is envisaged 
that a stimulus with certain characteristics, 
such as tissue-damaging, heat-adding, and 
heat-subtracting stimuli, applied to the skin at 
a particular place gives rise to a unique pattern 
of impulses within the brain, and this evokes 
a psychical state called a sensation. 

Goldscheider? has emphasized three points 
of evidence in support of the older hypothesis; 
they are not considered by Weddell and his 
school, as far as we know, and they would 
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be difficult to explain on the newer hypothesis. 
They are: 

1] Mechanical or painful stimuli, when 
applied to a warm spot, give rise to a sensa- 
tion of warmth and, when applied to a cold 
spot, give rise to a sensation of cold. 

2] Warm and cold spots, however they are 
stimulated, cannot give rise to sensations of 
touch and pain. Goldscheider says: “When- 
ever they are stimulated with stimuli, they 
answer with the sensation of temperature.” 

3] A warm spot stimulated by a cold stim- 
ulus gives rise to a sensation of warmth, and, 
vice versa, a cold spot stimulated by a warm 
stimulus gives rise to a sensation of cold. This 
third item is known as paradoxical stimulation. 

If cold spots give rise to a sensation of cold 
whatever the stimulus and warm spots that of 
warmth whatever the stimulus and, more sur- 
prising, if each gives the specific modality of 
sensation when the exactly opposite kind of 
thermal stimulus is applied, this evidence ac- 
cords very well with Goldscheider’s hypothesis. 
However, according to Weddell’s hypothesis, 
the nature of the stimulus is the all-important 
factor in determining the pattern of impulses 
arriving at the higher centers. It would seem 
unlikely, on this hypothesis, that there are 
warm and cold spots totally insensitive to me- 
chanical and painful stimulation and even 
more unlikely that there are warm and cold 
spots giving paradoxical responses. 

The evidence presented by Weddell and his 
readily and consistently give a thermal re- 
associates in support of their hypothesis is most 
convincing, but the three facts stressed by 
Goldscheider remain as strong supports for the 
older hypothesis and are difficult to explain on 
the new. Accordingly, we decided to repeat 
Goldscheider’s experiments, carrying them out 
on normal subjects in the same manner that 


he had. 
METHODS 


Throughout this paper, we speak of warm 
and cold spots. Our doing so does not imply 
that we believe that such spots are anatomic 
entities; we regard them as artificialities con- 
sequent upon the method of testing. The spots 
are those small areas of skin which, on thermal 
testing in the manner described below, most 


sponse. 
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Before and throughout the investigation, 
many tests were done on ourselves; these were 
used as a guide to the testing of other subjects 
and will not be reported. The tests reported 
were conducted on 10 healthy adults who were 
ignorant of the purpose of this investigation. 

The subjects rested in the laboratory for fif- 
teen minutes to allow the temperature of their 
hands to become fairly constant. The part of 
the skin tested was on the backs of the hands, 
this skin having those characteristics associated 
with “hairy skin.” If it was obviously hairy, 
it was shaved earlier in the day. The temper- 
ature of the stimulators was adjusted as the 
temperature of the hands changed during the 
course of a session. On one hand, 3 warm 
spots and, on the other, 3 cold spots were 
found by stimulation with the thermal stimu- 
lator described below. Only those spots that 
repeatedly gave a maximal warm or cold re- 
sponse were selected and were marked with 
colored ink; their presence was confirmed fre- 
quently during the session by application of 
the appropriate stimulus. Stimulation of the 
thermal spots and the regions between them 
was performed in a random order, the various 
forms of stimuli—mechanical, painful, and ther- 
mal—also being applied by hand in a random 
manner. During testing, it was often necessary 
to remind the subjects that they had to report 
all the sensations they were experiencing. 
Otherwise, they tended to concentrate on the 
thermal aspect of sensation and to omit any 
mention of the tactile aspects so obvious as 
to not require comment. All stimuli were ap- 
plied while the subjects’ eyes were closed. The 
stimulus was always applied for a duration of 
at least a second and was kept on the skin 
long enough for the subject to decide what 
sensation he was experiencing. The interval 
between stimulations was also fixed according 
to the wishes of the subject; he had to say 
when he was ready to be retested. 

The stimulating instruments were drawn 
from two groups, one consisting of the instru- 
ments used by Goldscheider and the other 
consisting of these instruments modified as 
little as was found to be necessary. Since the 
purpose of this investigation was to repeat 
Goldscheider’s work, the point was not to use 
instruments that we would consider better 
but to use the instruments Goldscheider used. 
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However, because we found during pilot ex- 
periments on ourselves and on some of the 10 
subjects that these instruments were not mo- 
dality specific, we were forced to modify 
them. We made only necessary changes, so 
as to keep the investigation as near the original 
one as possible. Our purpose was to see if 
Goldscheider’s results could still be obtained 
with his instruments modified so as to be more 
modality specific, as he had probably intended 
them to be. 

Goldscheider used sharpened wooden tooth- 
picks and needles for nonthermal mecha-tical 
and painful stimulation. We added a small 
glass mercury skin thermometer because it 
could be used as both a purely mechanical 
thermally neutral stimulator and a thermal 
stimulator. The end of the thermometer had 
an area 4.9 sq. mm. When used as a thermally 
neutral mechanical stimulator, it was applied 
at the same temperature as the subject's skin, 
which was ascertained by means of a small 
thermojunction applied to the spot about to be 
stimulated. The mercury skin thermometer was 
kept in water at this temperature, quickly and 
thoroughly dried, and then applied. Thus, 
when the thermometer was used as a mechan- 
ical stimulator, care was taken that the stimu- 
lator neither added nor subtracted heat to or 
from the subject’s skin. The same thermometer 
was used as a thermal stimulator applied at a 
known temperature difference from that of the 
subject’s skin. This use of the end of the small 
mercury skin thermometer as warm, cold, and 
mechanical stimulator had the advantage that 
the mechanical aspects, touch and pressure, 
remained the same for all 3 types of stimula- 
tion. The only difference in the sensation ex- 
perienced by the subject was a thermal one. 
The maximal warm stimulus was 46° C., and 
maximal cold was 5° C. It was found that 
stimuli less than 5° warmer or colder than the 
skin did not always cause a thermal response, 
so the stimulus was considered to be a thermal 
one only when it was more than 5° different 
from the temperature of the subject’s skin. 


RESULTS 


The results of testing 10 subjects on warm 
and cold spots with thermal, mechanical, and 
painful stimuli are given in Tables 1 and 2. 
In order to present the results in this tabular 
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form, it has been necessary to condense or 
even modify some of the responses of the sub- 
jects. For example, the needle would some- 
times be felt immediately as pain. At other 
times, it would be felt as touch or pressure, 
going on to pain. In all such cases, the re- 
sponse has been regarded as one of “only pain” 
because we are concerned here only with the 
differences between thermal and other qual- 
ities and not with the sensations of touch, 
pressure, or pain. From the two tables, the 
following information is obtained. 

A cold stimulus applied to a warm spot 
never gave a sensation of warmth, and a warm 
stimulus applied to a cold spot never gave a 
sensation of cold. In 482 stimulations of ther- 
mal spots in 10 subjects, paradoxical responses 
were not found. 

Painful stimulation never gave a thermal 
sensation on warm or cold spots; it gave only 
a painful sensation. 

All the thermal stimuli and all the mechan- 
ical stimuli always gave a sensation of touch 
or pressure. In the case of the thermal stim- 
uli, this was in addition to a thermal sensation 
when applied to thermal spots. 

A thermally neutral mechanical stimulus 
applied to cold spots gave a sensation of cold 
only once in 1 subject out of a total of 81 
stimulations in 10 subjects. 

A thermally neutral mechanical stimulus ap- 
plied to warm spots sometimes gave a sensa- 
tion of warmth. This did not occur consist- 
ently, as it did when a warm stimulus was 
applied to a warm spot. Often, the mechanical 
stimulation of a warm spot would give rise to 
a delayed response of warmth. When a me- 
chanical stimulus was applied to one warm 
spot successively without intervening stimula- 
tion of other parts of the skin, the first response 
might be found to be touch and warmth, the 
next touch and very slight warmth coming on 
with a slight delay, and, later, purely touch 
responses. Such a result was common. By con- 
trast, a warm stimulus to a warm spot consist- 
ently gave a ready and quick response of 
warmth, although, with repeated warm stimuli 
to one spot, the response tended to be less and 
less intense. Mechanical stimulations of warm 
spots noticeably elicited an indeterminate 
warm response, the subjects saying: “Touch; 
possibly warm too.” In 1 subject, H.H., the 
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TABLE 1 
SENSATION ON STIMULATION OF WARM SPOTS 


Kinds of stimuli and resp from stimulating warm spots 
Mechanical cold stimulus Mechanical thermally neutral Painful stimulus gave 
gave sensation of stimulus gave sensation of sensation of 
warmth or only touch touch or pressure only touch in and 
Subject heat cold or pressure and warmth orheat or pressure warmth orheat only pain 

E. C. 0/10 8/10 2/10 1/10 9/10 0/10 10/10 
J. H. 0/8 7/8 1/8 5/10 5/10 0/5 5/5 
J.C. 0/7 6/7 1/7 4/18 14/18 0/7 7/7 
B. S. 0/10 9/10 1/10 0/7 7/7 0/7 7/7 
G. E. 0/9 9/9 0/9 0/4 4/4 0/4 4/4 
R. C. 0/10 10/10 0/10 7/10 13/20 0/5 5/5 
J. K. 0/10 10/10 0/10 0/7 7/7 0/6 6/6 
L. K. 0/7 6/7 1/7 1/18 17/18 0/7 7/7 
P.G. 0/2 2/2 0/2 0/7 7/7 0/10 10/10 
H. H. 0/3 3/3 0/3 1/15 14/15 0/2 2/2 


Figures indicate ratio of responses to stimulations 


sharpened toothpick applied to a warm spot definite spots than one finds. Further, a warm 
drew a response that has been recorded as_ or cold spot is far too big to be a minute point 
warmth; the actual words used were “touch covering the known size of the morphologic 
and pressure; slightly painful warmth, may end organs. In fact, these spots are not so 
really be pain.” much spots as regions of maximum sensitivity 

Apart from the evidence presented in the in a large area of good sensitivity. It may be 
tables, other points related to the two hypoth- considered that Weddell’s hypothesis substi- 
eses deserve mention. The morphologic end _ tutes area sensitivity for minute punctate sensi- 
organ hypothesis seems to demand far more _ tivity, and this, in our opinon, fits in better 


TABLE 2 
SENSATION ON STIMULATION OF COLD SPOTS 
Kinds of stimuli and resp from stimulating cold spots 
| Mechanical warm stimulus Mechanical thermally neutral Painful stimulus gave 
gave sensation of stimulus gave sensation of sensation of 
: warmth touch or touch or pressure only touch pain and 
‘ Subject cold or heat pressure and cold or pressure cold only . pain 
; E. C, 0/14 6/14 8/14 0/8 8/8 0/10 10/10 
‘ J. H. 0/7 6/7 1/7 0/7 7/7 0/5 5/5 
1 J.C. 0/9 7/9 2/9 1/12 11/12 0/7 7/7 
h B.S. 0/9 2/9 7/9 0/7 7/7 0/7 7/7 
# G. E. 0/18 7/18 11/18 0/4 4/4 0/4 4/4 
2 R. C, 0/8 3/8 5/8 0/14 14/14 0/5 5/5 
: J. K. 0/12 3/12 9/12 0/7 7/7 0/6 6/6 
d L. K. 0/4 0/4 4/4 0/9 9/9 0/7 7/7 
n P.G. 0/4 1/4 3/4 0/6 6/6 0/10 10/10 
e H. H. 0/6 2/6 4/6 0/7 7/7 0/2 2/2 


Figures indicate ratio of responses to stimulations 
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with what is observed. A further point to be 
mentioned is that spots sensitive to warmth are 
less definite and harder to find than spots sen- 
sitive to cold. 

Apart from observations related to the two 
hypotheses, certain other points deserve men- 
tion. As shown in Table 1, only certain sub- 
jects experienced a sensation of warmth from 
tactile stimulation. That is to say, not all sub- 
jects experienced it on rare occasions; 4 never 
experienced it, 3 experienced it only once, 
and 3 experienced it on many occasions. 

On nearly all occasions, a cold stimulus ap- 
plied to a warm spot was found to give rise 
to a sensation of cold, and a warm stimulus 
applied to a cold spot often caused a sensation 
of warmth. Thus, the nervous arrangement 
beneath a spot that is particularly sensitive to 
one of these kinds of stimulation is also sensi- 
tive to some extent to the other kind. Spots 
particularly sensitive to warm stimulation were 
also most sensitive to cold stimulation, but 
spots particularly sensitive to cold stimulation 
were less frequently also sensitive to warm 
stimulation. It must be admitted, however, that 
our warm stimulus was often 5° to 12° higher 
than the skin temperature, whereas our cold 
stimulus was often 20° below it. 

We also gained the impression that the 
actual temperature applied to a cold spot, 
provided it was 5° or more below the skin 
temperature, was unimportant. With the small 
area stimuli used, an all-or-none cold response 
was elicited immediately, however cold the 
stimulus was, but, on the warm spot, the actual 
temperature applied was important. The re- 
sponse seemed to be graded in accordance 
with the amount of heat imparted to the skin. 


DISCUSSION 


We will first give Goldscheider’s conclusions 
and state how ours differ from his. We will 
then consider the possible causes for the dif- 
ferences and, finally, will discuss other relevant 
matters. 

1] Goldscheider found that a cold stimulus 
applied to a warm spot gives the sensation of 
warmth and that a warm stimulus applied to 
a cold spot gives the sensation of cold. In 482 
thermal stimulations in 10 subjects, this para- 
doxical response was never found. 

2] Goldscheider found that warm spots give 
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a sensation of warmth, however they are stim- 
ulated. Although we could not confirm this, 
we found that a thermally neutral mechanical 
stimulus applied to warm spots gave a sensa- 
tion of warmth in 19 out of 116 stimulations in 
10 subjects. In many respects, this sensation 
of warmth differed from the invariable warmth 
response elicited when a warm stimulus was 
applied; these differences have been men- 
tioned already. We did not find that warm 
spots give a sensation of warmth, no matter 
how they are stimulated, because this response 
never occurred with a cold stimulus or needles. 

3] Goldscheider found that cold spots give 
a sensation of cold, however they are stimu- 
lated. We could not confirm this but found 
that a thermally neutral mechanical stimulus 
elicited a sensation of cold on a cold spot once 
out of 81 stimulations in 10 subjects. 

4] Goldscheider found that warm and cold 
spots are insensitive to touch and pain. In no 
subject was this ever found by us. All me- 
chanical stimulations of any part of the back 
of the hand, including the warm and cold 
spots, were felt as touch or pressure, and all 
pricks with a needle caused pain. 

In attempting to explain the differences be- 
tween our own and these earlier results, we 
can only put forward some suggestions. We 
are unable to understand the earlier finding 
of paradoxical stimulation or the obtaining of 
warm and cold responses from stimulating 
thermal spots with needles, and we cannot 
understand how Goldscheider found cold and 
warm spots insensitive to painful and mechan- 
ical stimulation. 

Perhaps Goldscheider obtained thermal re- 
sponses to mechanical stimulation because his 
mechanical stimulators were in fact not ther- 
mally neutral. We found that the metal and 
glass needles were certainly not thermally 
neutral. Little rods of wood or toothpicks, such 
as were used by Goldscheider, although poor 
conductors of heat, were often felt as cold 
because, if applied at room tmperature, they 
were usually sufficiently colder than the skin 
to be felt as cold on a cold-sensitive spot. 
When these stimulators were used as purely 
mechanical stimuli, it was found to be unsatis- 
factory to adjust their temperature to that of 
the subject’s skin by placing them in water at 
the required temperature, since, when they 
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were applied at a temperature 1 or 2° higher 
than the subject’s skin temperature, they were 
sometimes felt as cold, presumably because 
heat was subtracted from the skin to evaporate 
the moisture remaining on the wood. For 
reasons such as these, we had to abandon 
Goldscheider’s methods of stimulation and use 
the same stimulus for mechanical, warm, and 
cold stimulation, the only difference in the 
stimulus being its thermal properties. Gold- 
scheider may have found, as we did, that, 
sometimes, when a thermal spot is stimulated 
with a thermal stimulus and then restimulated 
with a mechanical stimulus, the later stimula- 
tion calls forth a combined thermal and tactile 
response. A third mechanical stimulation of 
the same spot gives only a tactile response. 
This is likely to occur when the stimuli are 
applied without an adequate rest period be- 
tween each or when other regions of skin are 
not stimulated between the applications of 
stimuli to the thermal spots. Such responses 
are more likely to occur in some subjects than 
in others; for instance, as seen in Table 1, 5 
out of 10 mechanical stimulations elicited 
thermal responses in subject J.H. On each of 
these occasions, these mechanical stimulations 
followed a thermal stimulation of the thermal 
spot. 

However, we do not think that phenomena 
such as these, which might be considered 
spurious results, explain all the warmth re- 
sponses to mechanical stimulations; we still 
obtained such responses when we took care to 
stimulate other regions between the stimula- 
tion of the thermal spots and to leave a suffi- 
cient period of rest between reapplication of 
thermal and mechanical stimuli to the same 
spot. 

To us, the fact that previous stimulation 
affects subsequent results in the ways men- 
tioned above indicates that this is a central 
nervous phenomenon related to facilitation or 
some manifestation of central control and that 
it cannot be interpreted solely in terms of the 
peripheral end organ in the skin. To a subject 
being tested, it is obvious that central nervous 
factors, those called “attention” in psychologic 
parlance, play an important role in the situa- 
tion of observing sensations induced by 
punctate stimulations. Further, attention can 
be directed not only to a region and a point 


879 


within that region but also to a modality of 
sensation and any chosen aspect of the sensa- 
tion evoked by a stimulus. Indeed, it is diffi- 
cult for a subject to report the total impression 
received and not to concentrate on certain 
aspects of the sensation aroused by a stimulus. 
Clearly, attention (whatever central nervous 
functioning subserves it) can be made use of 
by the subject to counteract the possible 
effects of adaptation of the peripheral me- 
chanism. A subject can feel a constant stim- 
ulus or not as he chooses, according to the 
amount of attention he fixes on the point stim- 
ulated. 

The investigation of cutaneous sensation in 
man has often been undertaken on the con- 
scious or unwitting assumption that small 
punctate kinds of stimulations are particularly 
suited to demonstrate the essential peripheral 
elements of sensibility. However, such artifi- 
cially simplified forms of stimulation are de- 
void of biologic significance, having played 
no role in the evolution of mammals. More- 
over, the idea that the ultimate peripheral 
sensory unit can be tested in conscious man 
without the participation of the central nerv- 
ous system is obviously erroneous. In _ this 
situation, the investigator may be testing the 
subject’s ability to interpret the pattern of 
impulses arriving at high levels of the central 
nervous system and his ability to express this 
in words rather than testing the primary ele- 
ments of reception in the skin and conduction 
to the spinal cord which underlie sensibility. 


SUMMARY 


Hypotheses put forward to explain cuta- 
neus sensibility are: 

1] That each of four basic modalities of 
sensation are subserved by a morphologic 
structure with its own set of nerve fibers, stim- 
ulation of which can cause only that modality 
of sensation subserved 

2] That all the varieties of cutaneous sensa- 
tion can be, or are, subserved ultimately by 
free nerve fibrils and that no encapsulated 
structures with nerve fibers specifically de- 
voted to one modality of sensation are neces- 
sary. Evidence brought forward by Gold- 
scheider in support of the first hypothesis in- 
cluded the fact of paradoxical stimulation of 
warm and cold spots and the fact that warm 
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and cold spots are insensitive to other forms 
of stimulation, being capable only of register- 
ing warm or cold. On the second hypothesis, 
such facts are most difficult to account for. 
We were unable to confirm that paradoxical 
stimulation exists, that warm and cold spots 
are insensitive to mechanical and _ painful 
stimulation, or that cold spots give a sensation 
of cold when painfully or mechanically stim- 
ulated. However, we were able to confirm that 
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warm spots may give a sensation of warmth 
when mechanically stimulated but only in cer- 
tain subjects and rarely in them. We therefore 
conclude that this important evidence favor- 
ing the first hypothesis cannot be substan- 
tiated. 


The authors take this opportunity to thank Dr. E. A. 
Carmichael for the facilities for doing this work and for 
his interest and criticisms. 
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AMYTAL® provides uniform daytime sedation 


Clinically, Amytal has been shown to be valuable in the treat- 
ment of psychoneurosis. In a comparative study of fifty-one 
psychoneurotic outpatients with tension, Amytal was superior 
to all other agents tested.! 

The duration of effect of Amytal is about eight to eleven 
hours, an action span particularly valuable for daytime seda- 
tion. It also offers the additional advantages of greater safety, 
since it is metabolized and does not depend on the kidneys for 
elimination. Therefore, renal damage does not constitute a 
contraindication. 

The usual dosage is 1/4 grain four times a day. 

Available in tablets of 1/4, 1/2, 3/4, and 1 1/2 grains, and 
in elixirs containing 2 grains and 4 grains per ounce. 


Amytal® (amobarbital, Lilly) 
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“R Day” 


for the neuritis patient 
can be tomorrow 


“R Day”—when pain is relieved—can come early for patients with 
inflammatory (non-traumatic) neuritis if treatment with Protamide 
is started promptly after onset. 


Protamide is the therapy of choice for either early or delayed 
treatment, but early use assures greatest efficacy. 


For example, in a 4-year study’ and a 26-month study” a combined 
total of 374 neuritis patients treated with Protamide during the 
first week of symptoms responded as follows: 


60% required only I or 2 daily injections for complete relief 


96% experienced excellent or good results with 5 or less injections 


Thus, the neuritis patient’s first visit—especially an early one— 
affords the opportunity to speed his personal “R Day.” 


Protamide is available at pharmacies and supply houses 
in boxes of ten 1.3 cc. ampuls. Intramuscularly only, 
one ampul daily. 


Detroit 11, Michigan 
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IN THE SAME PATIENT... 
WITHOUT UREVERT 


“Prior to the use of urea for intracranial de- 
compression ... the patient was admitted for 


WITH UREVERT 


“Recently this patient was readmitted for 
cranioplasty of the right side. In this opera- 


cranioplasty because of a left cranial defect. 
During the operation the brain began to ex- 
pand ... it was necessary to reduce ... pres- 
sure by lumbar puncture. The total operating 
time was two hours and twenty minutes.”' 


tion urea [Urevert] was used....Cranioplasty 
was easily accomplished. No lumbar punc- 
ture was necessary. The operating time was 
fifty minutes.” 


CRANIOPLASTY OPERATION TIME WAS REDUCED BY 1-1/2 HOURS! 


“... strikingly illustrates the value ...”* 


revert 


(Lyophilized Urea and Travert®) 


The New, Superior"’ Intracranial Decompressant 


“The use of urea [Urevert] for brain decompression often simplifies and extends the limits of 
neurosurgical procedures and, in some patients, proves to be life-saving.” 


New Sound-Color Film—The new approach to the reduction 

of intracraniai pressure with Urea-Invert sugar (Urevert) is herein 
described and illustrated. Conditions so treated include 
glioblastoma multiforme, optic nerve glioma, frontotemporal 
meningioma, cerebellar astrocytoma and retrogasserian rhizotomy. 
Film showings may be arranged by writing to Medical Film Library, 
Travenol Laboratories, Inc., Morton Grove, Illinois. 


TRAVENOL LABORATORIES, INC. .. 


Pharmaceutical Products Division of 


BAXTER LABORATORIES, INC. 
1. Taheri, Z. E.: Urevert in Cranial Trauma and Brain Surgery, Morton Grove, Illinois 
J. Internat!. College of Surgeons 32:389 (Oct.) 1959. 
2. Javid, M.: Urea—New Use of an Old Agent, Reduction of Intracranial 
and Intraocular Pressure, The Surgical Clinics of North America, 
Philadelphia, W. B. Saunders Company, Aug. 1958, p. 907. 
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Stelazine 


brand of trifluoperazine 


to help you reach 
the chronic psychotic 


Because of its clinically demonstrated effec- 
tiveness in the treatment of chronic psychotics, 
‘Stelazine’ therapy should be tried for such 
patients, no matter how discouraging the re- 
sults of previous therapies may have been. 


an awakening effect 


Allen! reports that ‘Stelazine’ had an awaken- 
ing effect on chronic patients “who had 
previously been lacking ambition, initiative, 
or interest in their surroundings.” 


delusionai and hallucinatory 
trends alleviated 


‘Stelazine’ also “alleviated delusional and hal- 
lucinatory trends and facilitated communica- 
tion and psychotherapy....To appreciate 
the significance of this progress, it must be 
remembered that these patients had spent 
years on closed wards, beyond the reach of any 
available form of therapy.” 


1. Allen, V. S.: Trifluoperazine in the Treatment of Drug-Resist- 
ant Schizophrenics, J. Clin. & Exper. Psychopath. 20:247 (Sept.) 
1959. 
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a new film 


“Soma in Cerebral Palsy” 


{ by Catherine E. Spears, M.D. 


LABorATORIES is pleased 
to announce the availability of the 16mm., color film, 
Soma IN CEREBRAL PALsy. 


Photographed at the Children’s Country Home in 
Westfield, New Jersey, and narrated by Dr. Spears, 
this 14-minute sound film presents the results of the 
preliminary clinical trials with the new muscle relax- 
ant, Soma™™ (carisoprodol Wallace) . 


Four children were selected for this presentation. 
They are representative not only of the type and 
degree of handicap seen at this center, but also of 
the progress attained with the help of Soma. 


Copies of the film for showing to medical groups 
may be obtained by writing to the Professional 
Services Department, Wallace Laboratories, New 
Brunswick, New Jersey. 
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NEW S LETTER AMERICAN ACADEMY OF NEUROLOGY 


Symposium on Abnormal Nervous On June 12 through 14, 1960, a 
Function Conducted in Boston Symposium on abnormal nervous 
function was held under the auspices 
of the University of Maryland at the Statler-Hilton Hotel, Boston. 
The central theme of the symposium concerned the physiologic, 
metabolic, and behavioral aspects of neural abnormality. Among the 
distinguished foreign participants in the program were J. C. 
Eccles (Australia), S. Thesleff (Lund), and Gray Walter (Bristol). 
Among AAN members who participated were Karl Frank (Bethesda) ; 
H. W. Magoun (Los Angeles); H. H. Jasper (Montreal); J. K. Merlis 
(Baltimore): A. Earl Walker (Baltimore); J. Mendelson (Boston) ; 
H. Kluver (Chicago) ; M.A.B. Brazier (Boston) ; I. Tasaki (Bethesda) ; 
R. Brady (Bethesda) ; R. Grenell (Baltimore); B. Chance (Phila- 
delphia) ; and D. Lindsley (Los Angeles). The symposium was sum- 
marized by R. G. Grenell, and the proceedings will be published 
in Progress in Neurobiology....The symposium was supported by the 
National Institute of Neurological Diseases and Blindness with 
a supplement from the Upjohn Company, Kalamazoo, Mich. 


MS Society Meets The National Multiple Sclerosis Society con- 
in Boston vened in the Statler-Hilton Hotel in Boston 
for the Twenty-eighth Semiannual Meeting of its 
Medical Advisory Board (June 15, 1960). Thomas L. Willmon, Medical 
and Research Director, opened the meeting with a few remarks before 
handing the gavel to the Society's newly elected Chairman, Roland 
P. Mackay, who introduced distinguished guests Professor Katzuki of 
Kiyushi University and Dr. Murray Bornstein of New York, as well 
as the new members of the Medical Advisory Board, Richard 
Paddison, Charles Kunkle, and Richard P. Schmidt. Allan Bailey 
was also there as liaison member of the Canadian Neurological 
Society....After Chairman Mackay's opening remarks, reports were 
given on the Society's research review panel activities by Harry 
Zimmerman, on Canadian Society activities by Allan Bailey, on the 
NINDB drug therapy symposium by George Schumacher, and on the 
general status of the Society by Thomas L. Willmon. The final 
report, accompanied by lively discussions, was given by Murray 
B. Bornstein on the application of tissue culture to the study of 
demyelinization. 
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Board Schedules David A. Boyd, Jr., Executive Secretary of the 
1961 Examinations American Board of Psychiatry and Neurology, 

announces that 2 board examinations have been 
scheduled for 1961. The first will be conducted in New Orleans 
(March 20 and 21, 1961) and the second in Chicago (October 9 and 
10, 1961)....All inquiries should be directed to Dr. David A. Boyd, 
Jr., Executive Secretary-Treasurer, American Board of Psychiatry 
and Neurology, 102-110 Second Avenue S. W., Rochester, Minn. 


Woolsey Elected At its Ninety-seventh Annual Meeting (April 
To National Academy 26), the National Academy of Sciences announced 
the election of 35 new members on the basis 
of their distinguished and continued achievements in original 
research. Among those to be awarded what is considered to be one 
of the highest honors that can be visited upon an American 
scientist was AAN member Clinton M. Woolsey, Research Professor of 
Neurophysiology, Medical School and Graduate School, University of 
Wisconsin. Dr. Woolsey also is a member of ths Advisory Council 
of the National Institute of Neurological Diseases and Blindness. 


Neuropathologists Elect At the Thirty-sixth Annual Meeting of the 
Richter as New President American Association of Neuropathologists, 

Richard Richter (Chicago) was elected Presi- 
dent for 1961. Other 1961 officers are David Cowen (New York), 
President-Elect; Karl Neurberger (Denver), Vice President; Leon 
Roizin (New York), Secretary-Treasurer; and Irwin Feigin (New { 
York), Assistant Secretary-Treasurer. 


Merlis New President At the June 1960 meeting of the American 
of EEG Society Electroencephalographic Society in Cape Cod, 

Mass., Jerome K. Merlis was elected President, 
succeeding Arthur A. Ward, Jr. Other newly elected officers were 
Charles E. Henry, President-Elect; George A. Ulett, Secretary; 
and Isadore S. Zfass, Treasurer....All inquiries should be 
addressed to Dr. George A. Ulett, Secretary, American EEG Society, 
Washington University School of Medicine, 1420 Grattan Street, 

St. Louis 4. 


AACP To Meetin The Annual 1960 Meeting of the American Academy 
Pittsburgh for Cerebral Palsy will take place in Pittsburgh's 
Penn-Sheraton Hotel (October 5 through 7). This 
year's program will highlight an entire half-day devoted to a 
panel discussion on fundamentals and clinical methods of manage- 
ment of involuntary movements. Also to be featured are the usual 
instructional courses and a series of round table discussions 
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(limited to 15) on pertinent facts in cerebral palsy. Advance 
registrations may be made through Dr. J. D. Russ, Secretary, 1520 
Louisiana Avenue, New Orleans 15....The AACP membership was 
shocked to learn of the recent death (May 19) of Dr. Herman 
Josephy, one of their most faithful members and workers, who, at 
the time of his death, was Vice President of the Society. The 
unexpired term of Dr. Josephy, who also was an AAN member, was 
recently filled by Dr. Jessie Wright of Pittsburgh. 


Here and There The 1960 annual meeting of the Association of 

American Medical Colleges will be held October 30 
through November 1 at the Diplomat Hotel, Hollywood Beach, Fla.... 
At New York's Montefiore Hospital, there is a tissue bank contain- 
ing 8,000 specimens of human brain and spinal cord, 200 of them 
from multiple sclerosis victims. The Director of the bank, Harry 
M. Zimmerman, states that researchers throughout the world -- 
Denmark, Norway, Israel, Union of South Africa, and Japan, as well 
as the United States -- are being supplied on request vital tissue 
specimens from this reservoir....President Eisenhower has signed 
into law a bill setting up a new program of international medical 
research within the office of the NIH Director, Dr. James A. 
Shannon. Purpose of the program is to support planning for 
research for disease and disease prevention on a world-wide basis 
and encourage international coordination of medical research pro- 
grams. The program is to be financed largely through U.S.-owned 
foreign currencies obtained from surplus farm commodities sent 
abroad. The bill is a cutdown version of Senator Hill's (D.,Ala.) 
and Representative Fogarty's (D., R.I.) proposal for a National 
Institute of International Medical Research but is considered as 
an expression of congressional approval of international medical 
research....NIH's new building, for its Division of Biologics 
Standards, was dedicated on June 30 in Bethesda by Thailand's 
visiting King, Bhumidol Adulyadej, American-born son of a physician 
trained at Harvard....On July 24 through 27, about 50 neurologists 
from many countries convened to participate in the First Interna- 
tional Symposium on the Parasitoses of the Nervous System, con- 
ducted under the auspices of the Institute of Neurology of the 
University of Brazil and the Society of Neurology of Rio de 
Janeiro. The sessions were organized and conducted by Professor 
Deolindo Couto, Professor of Neurology of the University of Brazil 
and Director of the Institute. 


Briefs Wilder Penfield has resigned as head of the Montreal 
Neurological Institute to embark on a second career of 
writing and medical education under the Guggenheim Fellowship 
Program. His successor at Montreal is Theodore Rasumussen....At 
present, approximately 900 trainees in neurologic sciences in 
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institutions are supported by NINDB grants; of these, about 283 
are in clinical neurology....Future AAN programs will include an 
index of authors....The 1961 AAN meeting is scheduled to be held 
at the Sheraton-Cadillac Hotel in Detroit, the 1962 meeting at the 
Statler-Hilton Hotel in New York, and, for 1963, Denver is being 
seriously considered....Orville Bailey has been appointed Chairman 
of the AAN Section of Neuroanatomical Sciences to fill the vacancy 
created by the resignation of Paul Yakovlev. Ray S. Snider remains 
Secretary....The Academy mourns the recent death (July 21) of one 


of its most beloved members, William G. Lennox. He was 76 years 
old. 


dosage 
DOSE FORM: INJECTION COGENTIN, 1 mg. per 
ampuls of 2'cc. Also available: Tablets CoceNtIN- 
sored), 2 mg., bottles of 100 and 1000. 
Clin. Med. 6:387, 1959. 2. May, 
m. J. Psychiat. 116:360, 1959. 3. mes. 


MERCK SHARP & DOHME 
© of Merck & Co., nc, West Point, Pa. 


COGENTIN is a most powerful antispasmodic,’ 


rapidly effective — antidepressant response 
often within a few days; complete remission 
usually within 2 to 6 weeks, in 4 out of 5 
patients.’”° 

low toxicity—no significant reports of tox- 
icity to liver, blood or kidneys.” 


remove the depression with new 
a true antidepressant 


brand of phenelzine dihydrogen sulfate 


corrective—helps remove the depression, 
rather than merely masking the symptoms... 
restores the mild-to-deeply depressed patient 
without institutionalization and without re- 
course to ECT in most cases." 

simple dosage—1 tablet 3 times a day. 
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INDICATIONS: Mild to severe depressions, depressions 
associated with chronic diseases such as angina pec- 
toris and rheumatoid arthritis. Improves the depressed 
phase of affective (manic-depressive) psychosis, and 
relieves the depression of catatonic schizophrenics, al- 
though not affecting the psychosis per se. SIDE EFFECTS: 
Occasional postural hypotension and infrequent nau- 
sea, ankle edema, delayed micturition or constipation 
are managed by appropriate adjunctive therapy, or 
dosage reduction. DOSAGE: One tablet three times a 
day. After remission, reduce to a maintenance level of 
1 or 2 tablets a day. suppLiep: Orange-coated tablets, 
each containing 15 mg. of phenylethyinydrazine pres- 
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ent as the dihydrogen sulfate. Bottles of 100. cauTION: 
Nardil should be withheld or used with extreme cau- 
tion where the patient has a history of liver disease or 
liver damage is present. Hypotensive patients should 
be under close medical supervision. 

REFERENCES: 1, Sainz, A.: Ann. New York Acad. Sc. 80:780, Art. 3 (Sept. 


17) 1959. 2. Thal, N.: Dis. Nerv. System 20:197 (May, Pt. 1) 1959. 
3. Saunders, J. C., Kline, N.S., et al. : Am. J. Psychiat. 


116 :71, 1959, 4. Arnow, L. E.: Clinical Med, 6 :1573, 
1959. 5. Dickel, H. A., et al.: Clinical Med. 6:1579, 
1959. 6. Dunlop, E.: Rhode Island M. J. 42 656, 1959. 


7. Sainz, A.: Dis. Nerv. System 20 :537, 1959. 8. Sar- 
wer-Foner, G. J., et al.: Canad. M.A.J. (in press) 
1959, 9. Hobbs, L. F: West Virginia M. J. (in press) 


1959. 10. Dunlop, E. : Dis. Nerv. System (in press) 1959. monnis PLAINS, NO 
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HALL-BROOKE 
HOSPITAL 


An Active Treatment Hospital 
Located one hour from 
New York 


Accredited by: 
The Central Inspection Board of the 
American Psychiatric Association 
The Joint Commission on Accreditation 
of Hospitals 


HALL-BROOKE, GREENS FARMS. 
BOX 31, CONN. 
Telephone: WESTPORT CAPITAL 7-1251 


George S. Hughes, M.D. 
Leo H. Berman, M.D. 
Albert M. Moss, M.D. 
Louis J. Micheels, M.D. 
Robert Isenman, M.D. 
John D. Marshall, Jr., M.D. 
Edward M. Keelan, M.D. 
Peter P. Barbara, Ph.D. 
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CARE and TRAINING for the 


MENTALLY RETARDED CHILD 


The Training School at Vineland provides care 
and treatment for boys and girls 2 years or older 
with mental potential of 6 years. Complete profes- 
sional staff. Electroencephalographic, and neuro- 
logical examinations, individual psychiatric, psy- 
chological, physiological, and speech observations 
and therapies. 


SIX COMPREHENSIVE PROGRAMS: 


Observation and Residential 
Diagnosis Supervision 

* Education and * Summer Program 
Training 


* Psychiatric Treatment 
* Custodial Care Center 


The educational program aims at maximum de- 
velopment of each child. Training includes self- 
care; group living; formal classroom education; 
development of practical habits, attitudes and 
work skills. Children live in homelike cottages 
on 1600-acre estate. School, hospital, chapel, 
swimming pools, lake, working farm. The Train- 
ing School Research Laboratory is famed for con- 
tinuous study of causes, prevention and treatment 
of mental retardation. Established 1888. For in- 
formation write: Registrar, Box Q, 


THE TRAINING SCHOOL 
AT VINELAND, NEW JERSEY 


A private, non-profit residential center for the 
care and treatment of the mentally retarded 


complete integrated facilities for 


ELECTROMY OGRAPHY 


®@ SINGLE CHANNEL EMG with two-channel magnetic 
tape recorder for recording notes 
Medel TE 1.27 | and EMG simultaneously. 


® TWO-CHANNEL EMG permits simultaneous recording 
and study of two EMG poten- 

Model TE 2-7 tials or of one potential together 

with a related physical param- 

eter such as force or pressure. 


® Automatic controls and new circuits provide simplified 
rellable operation without shielded rooms in most loca- 
tions. © EMG potentials faithfully reproduced by special 
recorder circuits. © Specifications equal or surpass require- 
ments for research, teaching and clinical use. 


NEW rugged COAXIAL NEEDLE ELEC- 
TRODE withstands autoclaving, has tapered 
shaft, 26 gauge at tip, insulated handle. 


CORPORATION New York 
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DRUG-INDUCED PARKINSONISM IS ON THE RISE, 
reflecting the growing use of potent tranquilizers. 
These extrapyramidal disturbances may be reduced 
by lowering tranquilizer dosage. 


*“It is almost always preferable, however, to merely add oral 
AKINETON®.. since this avoids the risk of loss of therapeutic 
benefit and permits uninterrupted phenothiazine therapy.” 


AKINETON® 


BRAND OF BIPERIDEN 


a prompt, specific countermeasure to drug-induced akinesia 
motor restlessness - akathisia - torticollis - oculogyric crises - chorea 


remarkably safe — “Akineton was not responsible for a 

single dangerous or toxic effect in the 500 patients treated.” * 
Dosage: Doses required to achieve the therapeutic goal are variable and 
individually adjusted. The following are average doses. 


Drug-induced extrapyramidal disorders 
1 tablet (2 mg.) one to three times daily 
Parkinson’s disease 

1 tablet (2 mg.) three or four times daily 


AKINETON hydrochloride tablets—2 mg., bisected, bottles of 100 and 1000. 


*Ayd, Frank J., Jr.: Drug-induced Extrapyramidal Reactions: Their Clinical Mani- 
festations and Treatment with Akineton. Psychosomatics 1:143 (May-June) 1960. 


KNOLL PHARMACEUTICAL COMPANY, ORANGE, NEW JERSEY 
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The action of Demerol.makes it valuable for relief of symptoms smooth 
muscle spasm,which are ofter aggravated by morphine: 

Demerol is parti¢ularly-useful in intestina and renal colic, because its potent pain-refieving 
effect isaccompanied by antispasmodic-action on the lower intestine and the urinary tract. 

In myocafdiat infarction, Demerol is less likely than morphine to induce nausea, 
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New York 18, NOY 


regulations of The Federal Bureaurof Narcotics. 
DEMERO (BRAND OF MEPERISINE), TRADEMARK REG ¥. >. Orr 
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